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Abstraot 
This thesis questions whether sympatrio divergenoe, brought 
about by disruptive selection in a spatially heterogeneous 
environment, oan ocour under natural oonditions and in the laboratory. 
I. An investigation, to deteot mioro-differentiation, was 
made on a Plantago lanoeolata population, comprising a gradation 
of phenotypes and oocurring in a small area (1 x 5m) of dune pasture, 
heterogeneous by virtue of different vegetation heights. The 
prostrate phenotype with shorter leaves and infloresoenoes was 
correlated with low vegetation; the erect phenotype was correlated 
with taller vegetation. Vegetative propagules in standard conditions 
of garden and greenhouse showed persistent genotype differences of 
growth habit, leaf length and inflorescence length. Growth habit 
and leaf length also oorrelated with the original environment, 
indicating adaptive micro-differentiation. Some phenotypio plasticity 
was apparent. Investigation of the field population revealed 
flowering time differences between the phenotypes and rapid turnover 
of individuals less than six months old, particularly in low 
vegetation where the Plantago population was the most dense. 
Selection pressures appeared to be operating to maintain 
differentiation within this heterogeneous environment. Population 
control was evident, with mortality matching recruitment, but the 
chances of survival of an individual were independent of the 
season of establishment. 
11. In a second series of experiments, a population of randomly-
mating Drosophila melanogaster was maintained for 20 generations 
in small 'population oages', heterogeneous because they contained 
two types of food medium, viz. normal food and normal food plus 
peppermint essence. The founder population yielded 40% more progeny 
on the normal food. There were three control populations feeding 
on (1) normal food only, (2) peppermint food only, (3) homogeneous 
half-strength peppermint only. The experimental population initially 
responded to the heterogeneous environment (with its choice of food 
media), by yielding numbers of progeny and biomass in excess of 
expectation, which was calculated from the controls. This was 
thought to be an environmental response. The difference between the 
observed yield and expeotation increased steadily for 10 generations, 
implying adaptation to the heterogeneity, but, after 17 generations 
of seleotion, the yield was significantly less than expectation. 
This persisted for a generation of lapsed selection on normal food, 
indicating a genetio response to some factor within the heterogeneous 
environment. Beoause females reared on peppermint showed a 
behavioural ohange and tended to choose this less palatable medium 
on which to lay their eggs, it is suggested that a genetio component 
of behaVioural flexibility oontributed to this result. There was 
also evidence of improved adaptation to normal food, possibly a 
genetic response to highly oompetitive oonditions on this densely-
populated medium. Although sympatric divergence was not oonolusively 
demonstrated, a measure of habitat selection for egg-laying sites 
developed and the population became non-random. Peppermint retards 
the life-cycle of the flies living on it by apprOXimately one day. 
Therefore, the heterogeneous population was experienoing oonditions 
whioh might promote assortative matins. 
It was conoluded from the two experiments, that a heterogeneous 
environment may aot disruptively on a small, randomly-breeding 
popUlation within a small area. The Plantago population, in an 
environment where se1eotion pressures were probably high, showed 
evidence of mioro-differentiation, indicating that sympatric 
divergence had ocourred, although phenotypio plastioity was also 
evident in some morphologioal oharaoters. The Drosophila 
population, in a heterogeneous environment where seleotion pressures 
may have been relatively low, also beoame non-random and evolved 
habitat-ohoioe. In both investigations, foroes enhanoing 
assortative mating, helping to maintain genetio variation by 
reduoing gene flow, were apparent. Therefore, it is ooncluded 
that sympatric divergence may be brought about by disruptive 
seleotion in a heterogeneous environment. 
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SECTION I 
GENERAL INTRODUCTION 
IJ General introduction 
General introduction 
'Another lack is in Darwin's failure quite to grasp the 
roles of populations and their isolation in speciation'. 
1. 
George Gaylord Simpson in Foreword 
to 'Origin of Species' 
The mechanism of evolution, whereby variant types arise 
and diverge from common ancestry by a process of natural selection, 
has fascinated many biologists since Darwin first propounded his 
theory in 1858. For evolutionary progress to be made, directional 
forces of natural selection brought about by the environment, 
act on variants within the evolutionary units, which Darwin 
regarded as the species and which today are commonly regarded 
as the populations comprising the species. But most environments 
are heterogeneous, with the result that selective forces, even 
if directional in an overall sense, may act disruptively on the 
inhabitant species or populations. 
Darwin and early twentieth century scientists considered 
evolutionary aspects on a grand scale. Spatial environmental 
heterogeneities were thought of in terms of hundreds of miles. 
Gross morphological differences between species were studied and 
the time scale involved in such changes was of the order of 
millions of years. It was not appreciated that evolution and 
genetic change on a smaller scale were sufficiently rapid to be 
detected. 
Today, evolutionary studies are pursued at a more modest 
level and the dynamic interactions of populations and their 
environments are being emphasized. The effects of both temporal 
and spatial heterogeneity of the environment on the genetic 
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structure of populations are being investigated. In a spatially 
heterogeneous environment, however, as the distance between the 
diverging populations being studied becomes less, so the extent 
of gene flow between the populations becomes increasingly 
important. It was thought that gene flow between different 
populations, or between individuals within the populations, would 
tend to prevent any divergence being brought about by disruptive 
selection. Before divergence could occur, it was thought that 
isolation must exist between different populations or between 
pockets of individuals within a population. Mayr (1963) held 
2. 
the view that geographical isolation was a pre-requisite to 
reproductive isolation and subsequent speciation (allopatrio 
speoiation). Although allopatry is known to be wide-spread (see 
Cain 1954, Mayr 1963), the feasibility of sympatric speoiation 
(speciation despite gene flow) is becoming increasingly recognised. 
This process can be thought of as occurring in three steps. 
1) sympatric divergence, whereby disruptive seleotion pressures 
in a heterogeneous environment give rise to polymorphism, 
2) the origin of reproductive isolation between the divergent 
types, 3) oomplete reproduotive isolation and sympatrio speciation. 
Levene (1953) considered the first of these steps. He showed, 
mathematioally, that it would be possible to create a polymorphism 
and maintain the variants in a population if the population was 
assumed to be split into sub-populations, each inhabiting a 
different niche in the environment and each niche independently 
oontrolling the numbers of its sub-population. Mating was assumed 
to be random over the entire population and was followed by a 
random redistribution of the population among the niches. This 
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model was subsequently modified by Deakin (1966) and Prout (1968) 
who obtained similar results to those of Levene when, more 
, 
realistically, the conditions allowed any pattern of migration 
between the niches rather than a random redistribution at every 
generation. Other models, concerned with the fate of a gene in 
a habitat with two niches, have been proposed by Parsons (1963), 
Hanson (1966), Jain & Bradshaw (1966), Levins & McArthur (1966), 
Antonovics (1968a & b) and Smith (1970). They all demonstrate 
the theoretical feasibility of sympatric divergenoe. Probably 
the most relevant and exhaustive model was that proposed by 
Smith (1966). He confirmed Levene's model but, in addition, 
found a oondition for a stable polymorphism in a two-niohe 
situation when there is dominance. He disoussed the 1ikelihoo~ 
of sympatrio speoiation ocourring after the establishment of a 
polymorphism by this method and decided that it could well be 
possible because reproductive isolation might well arise by 
habitat seleotion, reinforced by genes causing assortative mating. 
These models, however, are all oonoerned with the inheritance 
of discontinuous characters. Aocording to Mather (1955), 
disruptive selection could give rise to a bimodality in a 
oontinuously varying population, provided that the seleotion 
pressures acting on the extreme variants could be maintained 
3. 
independently. Dickinson & Antonovios (1973a) in their theoretical 
considerations of sympatric divergence using computer Simulation, 
show that the results_ of niche models for polygenically-inherited 
characters are similar to those for single gene inheritance but 
slower, namely, sympatric divergence is possible provided that 
the disruptive selection pressures are high, consistent and 
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balanoe the gene flow. They further develop their model to show 
that full speoiation oan eventually ooour given suffioiently 
strong seleotion pressures and an opportunity for assortative 
mating, espeoially selfing in plants. 
Theoretioally, therefore, it has been adequately demonstrated 
that sympatrio divergenoe, followed by reproduotive isolation and 
speoiation, is feasible. 
4. 
This thesis questions whether sympatrio divergenoe, brought 
about by disruptive seleotion in a spatially heterogeneous 
environment, oan ooour under natural oonditions and in the 
laboratory. Seotion 11 desoribes an investigation to find out 
whether the genotypio and phenotypio struoture of a natural 
population of Plantago lanceolata is oonsistent with the phenomenon 
of sympatrio divergenoe in a heterogeneous environment. Seotion 
III desoribes an attempt ~o demonstrate sympatric divergenoe 
in a population of Drosophila melanogaster in a model situation 
in the laboratory. The literature on field and laboratory 
investigations is reviewed in the introductions to sections 11 
and III respectively. 
5. 
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III Plantago introduotion 
tiThe book begins with Plantago, plantain, 'beoause it is 
oommon and beoause more than any other plant it bears witness to 
God's omnipotenoe'" - E. Nordenskjold (History of Biology, 1928) 
Quoting from Herbarum Vivae Eioones, Otto Brunfels, 1488-1534. 
1. Introduotion 
It was Turssson (1925) who first demonstrated the existenoe 
of eootypes, plants that were genetioally adapted to their 
environments and not merely tolerant of them. Theoretioal studies, 
partioularly that of Smith (1966) (see Seotion I, p 3), and the 
work of Thoday ~~ (see Seotion Ill, p 105), which contradioted 
earlier ideas that genetio differentiation would be reduoed, if 
not eliminated, by the swamping effeots of gene flow, stimulated 
the study of differenoes between eootypes situated only a short 
distanoe apart. There was oonsiderab1e evidence of differentiation 
in parapatric situations (populations in different locations but 
between whioh there is·oonsiderab1e gene flow) before 1912. This 
was demonstrated most olearly between populations at abrupt 
boundaries by the work of Bradshaw and his associates (Jain & 
Bradshaw 1966, Aston & Bradshaw 1966, McBeilly 1968, MoNeilly & 
Antonovics 1968, Antonovics & Bradshaw 1910). Gradual changes in 
9. 
the environment had already been shown to be reflected in olina1 
patterns of population differentiation, as in I. maritima (Gregor 
1930). Snaydon (1910) demonstrated small-scale clina1 differentiation 
in Anthoxanthum odoratum. Bradshaw (1912) argued the feasibility 
of small-scale micro-differentiation but prior experimental 
evidence of such was scant (Bradshaw, MoNeil1y & Gregory 1965, 
Snaydon 1910). Dickinson & Antonovics (1913a & b), extending 
Smith's theory (1966) to oonditions likely to apply to plant 
populations in a heterogeneous environment, showed that in a 
polymorphio population there may be a preoise matoh of the morph. 
II. Plantago introduotion 10. 
with the patchiness of the environ~ent. The most convinoing 
evidence of such adaptation until this time, came from the work of 
Snaydon (reported in Bradshaw, McNeil1y & Gregory 1965). He showed 
that plants of Agrostis canina and Festuoa ovina growing direotly 
below a galvanised (zinc coated)" fence were tolerant to enhanced 
levels of the metal, whereas plants a few inches away from the 
fence were not. Snaydon (1910) also showed that a distance of less 
than l50mm separated contrasting populations of Anthoxanthum 
odoratum growing on soils given different fertilizer treatments 
over a period of 50 years. Further investigations on this site 
(Snaydon & Davies 1912, Davies & Snaydon 1916 and Snaydon & Davies 
1916), which were published after the work in this thesis was 
completed but before its publication, have sinoe presented evidence 
that morphologically different populations of A. odoratum are 
genetically different, precisely matched to the environment, and 
that partial reproductive isolation exists between them. 
An investigation of micro-differentiation was therefore 
carried out on a small, natural population in 1969. The study 
differs in two important aspects from previous work. Firstly, 
previous studies, particularly on adjacent populations, had frequently 
dealt with discrete boundaries between relatively extreme 
environments, such as mine and pasture (McNeilly 1968; McNei1ly & 
Antonovics 1968J Antonovics & Bradshaw 1910) or exposed cliffs 
and streams (Aston & Bradshaw 1966)~ the present study was 
therefore centred on a relatively 'normal' pasture in which the 
main obvious heterogeneity was vegetation height, such as is 
common in pasture habitats. Seoondly, it was also decided to 
look for micro-differentiation on a very muoh smaller scale than 
III Plantago introduotion 
previously, more speoifically, within an area where gene exchange 
and seed dispersal might be essentially random. The study area 
ohosen was I metre by 5 metres in extent (p 30). 
Plantago lanoeolata was chosen as the experimental plant. 
The existence of different phenotypes is a well-dooumented 
phenomenon in the Plantaginaceaea for~. lanceolata (Jenkin 1925, 
Pi1ger 1931, B6cher 1943, Sagar & Harper 1964), for P. media and 
P. major (Sagar & Harper 1964) and for P. maritima (Gregor 1938). 
P. lanceolata was shown to be genetically very variable by Jenkin 
(1925), Pilger (1931) and B6cher (1943). It grows in a wide 
variety of habitats and, compared with l. media and P. major, 
11. 
small populations comprising different phenotypes may more readily 
be found. The most obvious phenotypio difference is in the growth 
habit of the leaves and spikes, which may be prostrate, ereot or 
intermediate between the two positions. P. lanceolata is a rosette 
plant and oan be precisely looated to a specific position in the 
habitat. this is essential when looking for differences over very 
short distances. It is a perennial that can be readily cloned 
and transplanted so that genotypes can be replicated and studied 
under standard garden or greenhouse conditionsl sampling as adults 
avoids losing resolution as a result of the segregation that 
would oocur in a seed sample. 
A preliminary investigation of 5 wild populations, each of 
predominantly one phenotype of P. lanceolata from geographically 
different areas, was undertaken to familiarise the experimenter 
with the morphology of the plant and to develop suitable oloning 
and transplanting teohniques. A further preliminary experiment 
was oarried out on the two populations of the five whioh were the 
most different from each other in growth habit. This was to 
III Plantago introduotion 
determine whether the growth habit of the plants could be altered 
by shading Ca relatively obvious environmental parameter) thus 
demonstrating phenotypio flexibility. If phenotypic flexibilit7 
were found, then it was important to know whether this would 
mask genetic differenoes between the populations. This would be 
of direct relevance to the main investigation in which different 
phenotypes of a single population were to be removed to standard 
cultivation conditions for later oomparison. 
12. 
13. 
Table 1. Location and desoription of Plantago populationa 
General 
Habitat Location Appearano. 
1. Exposed rooks Penmon POint, Y8r7 prostrate, 
near sea Anglesey* l.aves oft.n 
retlex.d 
2. Zinc mine, on Trelogan, Prostrate plants, 
tailings Plintshir.* spars. cover 
3. Zino mine, in Trelogan, Plants erect 
grassland near Plintshire* &!long tall grass, 
mine boundarY' .2,. lIainl.r Wostis 
lOOm from stolonitera 
Population 2 
4. Waste ground, .enai Bridge, Plants ereot 
overgrown AngleseY'* 
garden 
5. Commeroial seed franoe, supplier UnknowDI probabl.r 
unreoorded ereot pasture 
tn. 
* North Vales, U.K. 
III2 Contrasting Plantago popu1ations 
2. Study of Contrasting Populations of Pt lanceo1ata 
2.1 MorphologY 
Methods 
Seeds were collected from 5 contrasting populations of 
P. lanceolata, each population comprising predominantly one 
phenotype as assessed by growth habit. One was a commercial 
population from France, and the others collected by J. Antonovics 
in 1967 from oontrasting habitats (table 1). 28 seeds from each 
population were sown at 5cm spacing and O.5cm deep in trays 
37cm x 23cml there were 2 trays per population and the trays 
were completely randomised. The seeds were grown on John Innes 
14. 
No. I potting oompost and kept in a heated greenhouse, without 
artificial light, for 6 months. In order to compare the morphology 
of the plants, the following measurements were taken. 
1. Seed germinationl the number germinating each day, 
2. after 1 month. a) number of leaves 
b) length of longest leaf 
c) growth habit* 
d) number of inflorescences, 
3. after 6 months. a) number of leaves 
b) length of longest leaf 
c) growth habit* 
d) width of widest leaf. 
*Growth habit was noted on several occasions at weekly 
intervals and a score of I given for prostrate habit (the leaves 
pressed flat against the substrate), 2 for intermediate growth 
habit (the leaves subtending an angle of approximately 450 to 
the vertical) and 3 for erect growth habit (leaves vertical); 
II:2 5 Plantago populations: morphology 15. 
the growth habit soore averaged over the 1 month (or 6 months) 
was then used as a measure of growth habit for the statistioal 
analysis. This frequency of measuring was adopted beoause it 
beoame apparent that small fluctuations of temperature and humidity 
slightly affeoted the growth habit of the plants in the greenhouse. 
The number of infloresoenoes was not measured after 1 month. 
So few plants flowered during the experiment due to the high 
density of sowing, that this oharaoter did not provide a good 
basis for comparison. For this reason it was not used in the 
oorrelation analysis after 1 month's growth. It also became 
apparent, later in the experiment, that the width of the leaf was 
a key character in the description of the phenotypes. Therefore, 
this was measured at 6 months. 
The germination results were used to give the final peroentage 
of germinated seeds and the 50% germination figures for the 5 
populations. The measurements taken after 1 month's and 6 months' 
growth were analysed firstly, by Duncan's Multiple Range Test 
on the means of the characters to deteot population differences 
(table 2, p 17), and secondly, by correlation of the oharacters 
with each other, within each population, to see whether distinct 
Plantago phenotypes were evident (table 3, p 19 ). 
Results 
i) Germination 
Population 2 differed from the re~t in that the final 
percentage of germinated seeds was 97% compared with 82% in 
population 5 and 84% in the other three populations (fig. ]; 
Appendix 1, table 1, p 192). The seeds in population 2 also 
germinated significantly more quickly (50% of seed sown in <4 
16. 
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Fig. 1 Germination rate of 5 popula tions of P. lanceolata 
(sta ndard errors in table 1, appendix 1, p 192). 
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Table 2 MOrphology of contrasting PlantaSO populatioaa 
a) After 1 mcm.thls Eowth 
Character 
No. Leat no. Le&! length (ca) . Growth habit IDfio. DO. 
• 
- - - -Population Plant. z s.e. sip. z • ••• aisD* z •••• aip* z •••• 1Iip. 
1 47 8.60 to.2, a 7.10 :0.25 a 0.21 to.1, a 0.23 to.11 b 
2 51 8.18 :!:O.~ a 10.84 to.36 c 1.10 ZO.19 'b 0.Z1 to.1, b 
, 47 6." to.26 'b 9.49 to.,s b 2.49 :0.12 c 0 'b 
4 45 6.60 to.25 b 9.88 to.~ be 2.36 to.1, c 0.1, aa.08 b 
, 45 6.87 to.17 b 10.9'+ to.'9 c 2.1tO to.1, c 0.96 to.17 a 
b) After 6 IIIOIlths I pywth 
Cbaract .. 
No. Le&! DO. Leaf length (ca) Growth habit IMf viftJt (ca) 
PopulatiOD Plant. - •••• sip* - •••• sip. - •••• sip* - •••• sip* z z z z 
1 2' 8.09 :0.42 be '9.65 ZO.9? b 1.?'t to.1, a 2.48 ±o.16 
2 Z1 10.04 !o.?O a 1tO.~ t1.26 b 2.52 to.11 'b 2.24 *0.11 
, 25 7.44 ±o.6, be 40.68 %1.29 b 2.64 to.1, b 1.84 ±o.12 
4 ~ 8.74 to.56 ab 40.17 ~1." b 2.61 to.14 'b 1.98 *0.10 
5. 22 6.86 to.51 c 34.51 t1.41 a 2.59 to.11 b 1.9' to.09 
Growth habit: scored OIl a 1 .- , .cale; 1 • prostrat. growth ba'bit 
i • _an ftlue 
•••• • ataDdard enor 
2 • intermediate p-ovth habit 
, • erect p-owth habit 
sip·' Dul&cazal. Multiple RaDP Te~; for each charact.r, populatiou 
lab.lled with the __ l.tt .. are DOt sipif1can~ dUfereat 
at the ~ 1 ... 1 but are aipificantl1 different troll popalatioaa 
labelled with different l.tt .... 
a 
a 
a 
a 
a 
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days) than any of the other seed samples (50% in 6 days for 
population 5, 7 days for population 1 and 9 days for populations 
3 and 4). It was noted that the seeds whioh were initially the 
fastest to germinate came from a prostrate population and that, 
18. 
at first, the greatest differences in germination were observed 
between populations 2 and 3, predominantly prostrate and erect 
popu1ations, whioh were situated only lOOm distant from eaoh other 
in the field. 
ii) Morphology after 1 month 
If the mean values of the morphological oharaoters measured 
for the 5 populations are oompared (table 2; Appendix 1, table 2, 
p 193), it oan be seen that populations 3 and 4 are similar. 
The plants comprising these populations were erect in growth 
habit, had 6.5 leaves whioh were 9.50m long on average, and had 
no inflorescenoes. Of the other. 3 populations, population 5 most 
olosely resembled popu1ations 3 and 4, differing in that there 
was approximately 1 infloresoenoe per plant. On average, the 
leaves of population 5 were longer (llom) but not signifioant1y 
so. This population was also ereot in growth habit. Popu1ations 
1 and 2 differed markedly from popu1ations 3, 4 and 5 and, to 
some extent, from each other. Population 1 oomprised very prostrate 
plants with a large number of short leaves and with one plant in 
four produoing an inf10resoenoe. The plants in population 2 were 
also prostrate, though not quite as reflexed as those in population 
1. They had a similar number of leaves, whioh were muoh longer 
than those of population ~ and oomparable to those of population 5. 
They had a similar number of infloresoenoes to plants in population 
1. The results were analysed by Dunoan's Multiple Range Test. 
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Table 3. Character correlations of contrastins Plantaso Douulations 
a) After 1 month's Eovth 
Correlation of leaf no. with~ ,. n. lJorr of lea! length 
Population leaf length1 gr~~h habit2 with growth habitZ 
1 0.317 -0.689 -0.232 (Corrn coef!.) 
• ••• (significanc e ) 
2 0.~90 -0.579 -0.137 
••• ••• 
.. 0.530 -0.496 0.034 .) 
••• ••• 
4 0.721 -0.458 -0.330 
••• .... • 
5 0.493 -0.448 -0.100 
.... •• 
b) After 6 months' ,f-%'owth 
Correlation of leaf no. with: Corrn• leaf length & 
Population leaf growth leaf growth lea! 
1 
2 
3 
4 
5 
length 1 babit2 width1 habU2 
0.065 -0.396 0.488 -0.247 
• 
0.428 
-0.309 0.719 -0.099 
• • •• 
0.369 -0.337 0.706 -0.243 
••• 
0.292 -0.665 0.462 -0.103 
• 
0.238 0.376 0.171 0.401 
Key: 1 - Pearson-moment correlation 
2 - Spearcan Rank correlation 
levels of significance: • 
•• 
P < 0.05 
P <0.01 
••• p <: 0.001 
width1 
0.257 
0.407 
• 
0.746 
• •• 
0.354 
0.011 
Corrn• g:-owth 
habit with 
lea! width2 
-0.246 
-0.340 
-0.233 
-0.529 
•• 
-0.482 
• 
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It is noticeable that the seedling populations 1, 2, 3 and 4, 
closely resembled their parental populations in growth habit. 
The parental growth habit of the commercial seed was not known 
but presumably would be erect. ~. lanceolata, being rioh in 
minerals, is ocoasionally sown in pasture to give supplementary 
feeding to sheep. 
When the morphological oharaoters within eaoh population 
were correlated (table 3a), it was found that as the number of 
leaves increased, leaf length also increased and the growth 
habit beoame more prostrate, regardless of the population from 
which the plants came. Leaf length was not directly oorrelated 
with growth habit, however, except in population 4. 
iii) Morphologr after 6 months 
After 6 months' growth (table 2b, Appendix 1, table 3, p 194), 
the differences between the 5 populations were less notioeable 
than at one month. Populations 3 and 4 were still similar to 
one another. The plants were erect and had approximately 7 - 9 
leaves, whioh were oomparatively long (40om) and narrow (width 
apprOXimately 1.90m). The plants in population 5 were also erect 
and had a similar number of leaves to those in populations 3 and 
4, but the leaves were muoh shorter (approximately 34om) though 
of similar width (1.90m). The plants in population 2 beoame as 
ereot in growth habit as those in populations 3, 4 and 5 although 
they had more leaves (approximately 10). The leaves in all the 
populations (exoept 5) were of similar length and width. The 
plants in population 1 were still more prostrate in growth habit 
than those in the other populations but, in other respects, the 
plants were similar to the plants in populations 3 and 4. 
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After 6 months, there were fewer significant correlations 
between the characters within the populations (table 3b). In 
all the population~ (except population 5), the more leaves a plant 
had, the wider they tended to be. In two of the more erect 
populations, 4 and 5, plants with wider leaves tended to be more 
prostrate in growth habit. 
Discussion 
It was found that after one month's growth in the greenhouse 
there was a correlation between leaf number and growth habit, the 
more prostrate plants having more leaves. This was found in all 
five populations. Seed collected from a prostrate field population 
also germinated more rapidly than that collected from an erect 
field population. One can therefore distinguish a gradation of 
phenotypes, those at the one extreme having more leaves, prostrate 
growth habit and more rapid germination and those at the other 
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extreme having fewer leaves, erect growth habit and slower germination. 
These differences were assumed to be genetic sinoe they were 
obtained from seed grown under similar environmental oonditions 
and the growth habit of the different popu1atlons refleoted the 
growth habit of the respective field populatlons from which the 
seeds were collected. Although P. lanoeolata is 99% self-sterile 
(Sagar & Harper 1964) and wind-pollinated, it was assumed that 
the male parent would be a member of the same population as the 
mother plant beoause large, uniform and disorete populations were 
ohosen. Highly signifioant population differenoes were found, 
with the exception of populations 3 and 4 which were from similar, 
although widely separated, habitats. 
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That discrete populations of plantains from different 
habitats may be genotypically and phenotypically different is 
not a surprising result. From logical considerations and from 
Turesson's conolusions (1925) that plants are genetically adapted 
to their environment and not merely tolerant of it, it may be 
supposed that in exposed situations, such as mine tailings 
(population 2) or oliffs exposed to high winds (population 1), 
the prostrate form with more rapid germination would have a 
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seleotive advantage over the erect form with less rapid establishment. 
In tall vegetation, from which populations 3 and 4 were colleoted, 
the erect form would have a selective advantage over the prostrate 
form. Indeed, Gregor (1938) found distinct phenotypic differences 
between populations of P. maritima growing in different habitats, 
the more prostrate form being found in the more exposed situations. 
In discrete habitats such as those of popu1ations 1, 4 and 5 
investigated above, there would probably be little gene flow 
between the populations tending to swamp their genetio divergenoe. 
The two mine populations, 2 and 3, however, were only lOOm apart. 
Gene flow might, therefore, be considerable. However, Aston and 
Bradshaw (1966) have demonstrated genetic differentiation over 
shorter distanoes (IOm) in populations of Agrostis stolonifera 
on sea cliff sites. 
Comparison of the oharaoter means and correlations after 
one month's and six months' growth would suggest that phenotypio 
flexibility was becoming increasingly evident in the greenhouse 
habitat. For example, plants~ which after one month were prostrate 
in habit, became gradually more erect, although never as erect 
as the plants grown from seed from an ereot population. Also 
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the leaf characters of the different populations began to converge. 
This result was surprising, since B6cher (1943) endorsed Pilger's 
(1937) classification of P. lanceolata into 2 varieties and 
7 sub-varieties based on growth habit and spike length, after 
growing the plants under greenhouse cultivation for many months. 
However, in the above experiment, space was limited in the 
greenhouse and the plants were grown in trays under conditions 
of high density: this might tend to favour an erect growth habit. 
That the plants were severely restricted in growth could be 
deduced by the fact that in 5 months in the greenhouse an average 
of only 0.9 new leaves per plant were produced and the plants 
had, on average, 8 leaves. (In the main investigation on 
micro-differentiation desoribed later, the plants growing in 
individual pots in the greenhouse had an average of 23 leaves, 
most of these being produced within 9 months). The two prostrate 
populations both showed flexibility in growth habit, while 
remaining signifioantly different from eaoh other. Populations 
3, 4 and 5 remained ereot. Population 5 did have shorter leaves 
on average than the other populations. 
In conclusion, therefore, this experiment showed that when 
seeds from contrasting populations were grown to adults under 
uniform conditions, statistically significant differences were 
found between the populations with respect to the parameters 
studied. These differenoes correspond with those observed to 
exist between the parent populations and suggest that they are 
therefore the produot of genetio variation. 
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2.2 Response of 'Prostrate' and 'Erect' Plantago 
Populations to Shading 
Methods 
An experiment was carried out to discover whether 
predominantly prostrate or erect plantain populations would 
differ not just in their morphology but also in their response 
to environmental change. Response to shading was studied as 
this seemed an obviously relevant environmental parameter. 
Seed from population 1, mostly prostrate plants from 
exposed rocks near the sea, and population 4, mostly ereot plants 
from an overgrown garden (see table 1, p 13) were used. For 
eaoh population, 4 boxes containing 28 seeds spaced 5cm apart 
in John Innes No. 1 potting compost were set up in April 1910. 
In two of the boxes a sward was simulated by placing 9inch 
tall 'Twist-it' plant ties vertically between the seeds. The 
ties were made of wire sandwiched between paper !inch wide. 
The 8 boxes were then arranged in random order in an unlit 
greenhouse. Measurements of leaf number, leaf length, leaf 
width and growth habit were taken 5 months after sowing. None 
of the plants flowered in this time. 
Results 
The shade treatment had a significant effect on the leaf 
length and growth habit of the plants (tables 4 and 5 overleaf; 
Appendix 1, table 4, p 195), although there were still 
morphological differences between the prostrate and erect 
populations (as already noted from the previous experiment). 
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Table 4 Response to shading - morphology of prostrate 
and erect Plantago populations 
Population 1 - Prostrate Population 4 - Erect 
Leaf Leaf Leaf Growth Leaf Leaf Leaf Growth 
Treatment no. length width habit no. length width habit 
(mm) (mm) (1-5) (mm) (mm) (1-5) 
Unshaded 7.4 141.9 14.5 1.9 5.8 258.8 11.8 2.8 
+ 
-0.5 + -7.0 + -0.7 + -0.1 + -0.4 + -11.1 !0.6 + -0.1 
Shaded 6.9 228.2 14.9 2.6 6.3 249.3 13.6 3.1 
+ 
-0.5 !a.l !0.6 + -0.9 + -0.5 + -12.0 + -0.9 + -0.1 
Table 5 Response to shading - summary of analYses of variance 
on morphologY 
Character 
Leaf no. Leaf length Leaf width Growth 
Source of variation habit 
A Population i.e. * *** ** *** 
growth habit 
B Shade treatment *** *** 
AB Interaction *** *** 
(significance levels! *** P<O.OOl; ** P<O.Ol; * P<0.05) 
The prostrate plantain population was more responsive than 
the erect population to the shade treatment and might therefore 
be the more flexible. This is shown by the significant effect 
of the shading on the leaf length and growth habit of the plants. 
They produced longer leaves and became very much more erect when 
shaded. The erect plants also responded to the shade treatment, 
tending to produoe slightly shorter leaves and becoming more 
erect. The prostrate shaded plants, however, did not become as 
erect as the erect, unshaded plants nor did the leaves ever 
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beoome as long. Thus, although both populations of plants 
showed phenotypic flexibility, the extent of the differences 
between them was never wholly aooounted for by this, indicating 
that a genetic oomponent was present. 
Discussion 
The results of this experiment oonfirmed the result of the 
previous experiment, namely, that there were significant genetic 
differences between different populations of P. lanceolata. 
They also demonstrated differences in phenotypic flexibility. 
The more flexible prostrate population tended to grow taller when 
artificially shaded, but did not attain the height of the erect 
population, showing that there may be limits to the responsiveness 
of some populations. 
The lower response of the erect population in this experiment 
is somewhat surprising. In the field, one would have supposed 
the erect plants to be exposed to greater seasonal variation 
in shading from surrounding plants and therefore to be more 
flexible. However, the plants were grown at high density in the 
greenhouse. In the unshaded situation, once the erect seedlings 
had grown a little, they may have shaded each other because of 
their erect habit whereas the prostrate seedlings may have shaded 
each other rather less. Consequently, the experimental difference 
between the shaded and unshaded plants may have been smaller for 
the erect than for the prostrate plants, giving the appearance of 
less flexibility. The greater flexibility of the prostrate 
population may, however, reflect the fact that prostrate plants 
tend to be found in open, exposed habitats. Flexibility would 
26. 
IIa2 Plantago populationsl Shade response 
be of selective advantage to prostrate plants, which would be 
more subject to changing climatic conditions than erect plants, 
buffered by the surrounding vegetation. 
Both of the experiments show that P. lanceolata can undergo 
adaptive genetic differentiation in contrasting habitats. It 
is therefore a very suitable subject for research into the 
occurrence of adaptive genetic differentiation in a small 
heterogeneous environment. 
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11.3 Miorodifferentiationl Methods - population 
3. Study of Mioro-Differentiation in a Field Population 
of P. lanceolata 
Methods 
i) Experimental outline 
29. 
An outline of the whole study is presented in fig. 2 as an 
annotated flow chart. A small field site containing a population 
of~. lanceolata of different phenotypes, was divided into two 
rough~ oomparable areas - an experimental strip and a oontrol 
strip. The general strategy was to remove P. lanceolata rosettes 
from the experimental strip and grow them under uniform oonditions. 
They were then to be compared with the micro-environment from 
which eaoh plant was sampled in order to assess whether micro-
differentiation was evident in the population. If adaptive 
differences were found between the plants in the field and these 
differences persisted after growth in uniform conditions, this 
would suggest micro-differentiation with a genetio component in 
the popUlation. The micro-environment was defined and estimated 
in terms of vegetation height, vegetation composition, and in 
terms of the aotual phenotypes of the experimental strip on 
sampling. The oharaoteristics of the sampled plants were measured 
on cloned material in the two uniform, but different, environments 
of the gardens and greenhouse approximate~ one year after 
sampling. (Two uniform environments were used for purposes of 
statistical analysis). The oontrol strip was used to study the 
phenology, population biology and flowering times, since these 
various parameters were considered important in the documentation 
of the evolutionary characteristics of the population. The 
1113 Microdifferentiationl ~ethods - population 
population and habitat in the control strip were more or less 
equivalent to that in the experimental strip. 
The control strip and experimental strip were measured every 
three months; the sampling of the experimental strip was carried 
out on the first date. A detailed work schedule is given in 
Appendix 1, fig. 1, p 196. 
1i) The population and its location 
The population studied consisted of approximately 400 P. 
lanceolata rosettes, in a small area of 1 x 5m in dune pasture 
community at Lundin Links, Fife, Scotland (OS. sheet 56, grid 
reference 405023). (See plate 1). The upper boundary of the 
site was adjacent to the fenced perimeter of the golf course 
which was constructed before 1939. Separating the dune from 
the sea shore was a breakwater, said by looal residents to have 
been constructed immediately after the 1939-1945 war. It was 
therefore estimated that the dune pasture had been stabilised 
for at least 20 years. The small study area encompassed a 
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graded patchwork of heterogeneity, variable in terms of vegetation 
height and species composition. A description of the general 
layout of the site, the ground profile, the position of the 
rosettes, the vegetation height and species composition, is 
given later (results i), p 38). The area, which traversed 
several micro-habitats, was divided into two 5m strips, each im 
wide, which were very similar in general appearance. The plants 
in one strip, known as the experimental strip, were removed for 
oloning and study under experimental conditions while the other 
strip, known as the control strip, was left undisturbed for 
Plate 1 General view of the study area at Lundin 
Links, Fife . (March 1970). 
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study of phenology and population dynamics. Each strip was 
2 divided into ten im quadrats. 
iii) Cultivation and cloning 
In June 1969 each plantain in the experimental strip at 
Lundin Links was removed,with as much rootstock as possible, 
to the greenhouse. The plants were grown for one month in 
John Innes No. 1 potting compost in 5in. pots in random order 
under normal greenhouse management. They were then cloned by 
making a transverse incision mid-way down the rootstock (see 
Appendix 1, p .191, for details of a cloning experiment). In 
late September 1969, two replicates of each plant were put out 
in the gardens. The plants were spaced 2ft apart and were in 
two blocks. Of the remaining plants in the greenhouse, some 
were recloned in April 1910 and others again in May 1910. Four 
replicates of each plant were then arranged in random blocks 
in the greenhouse. It was necessary to clone on more than one 
occasion to get sufficient replication because many plants were 
lost in the cloning process. .It was thought that this might be 
due to the wide age range of the sampled plants - some cloning 
well and others not at all. 
iV) Mapping technigue 
A graduated quadrat (called a plotter) was designed and 
constructed to map accurately individual rosettes within each 
iro2 quadrat on the study site (plate 2, fig. 3). The framework 
of the plotter was of 'Speed Frame', with sections of metre rules 
glued to the upper surface of two sides. On this framework 
32. 
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Plate 2 The ' plotter '. 
Fig. 3 
Antipal"a"ax device 
for viewing I"osette 
Movable 
p«rspex 
slide 
~ 
~IOcm.~ 
Speed frame 
Details of the 'plotter'. 
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rested a moveable slide made of two metre rule segments, joined 
by terminal runners. The moveable slide itself carried a 
perspex viewer designed as an anti-parallax device, through 
which the centre of a rosette could be viewed. Marks on the 
anti-parallax viewer enabled one to read off the y co-ordinate 
of the rosette on the metre rules constituting the moveable 
slide; marks on the moveable slide gave an x, co-ordinate of the 
rosette when read from the metre rules glued to the quadrat 
frame. In this way each rosette could be mapped aoourately and 
given an x and y co-ordinate to the nearest millimetre. The 
screw legs of the plotter rested on wooden pegs marking the 
position of the quadrats, and could be adjusted in height until 
the plotter was horizontal as judged by a spirit level placed on 
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the frame. The position of eaoh quadrat area was marked permanently 
by wooden pegs, 1 x 1 x l2in. driven down more or less flush with 
ground level. The pegs were positioned such that the mapped 
areas were contiguous with no overlap or gaps. 
v) Height of vegetation 
This was measured to the nearest 5mm at lOcm intervals 
throughout each quadrat by means of the apparatus shown in fig. 
4. The plastic petri dish top was lowered gently until the 
vegetation prevented it from falling further. The height of 
the vegetation was read from the soale. 
This rather unoonventional method of measuring vegetation 
height was chosen beoause on a point basis vegetation height 
depended very much on the precise location of the scale. the 
soale might fall in a small open segment or next to a thin blade 
of grass. The method used essentially averaged these detailed 
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V<lg~tation h~ight r~cord~d 
h<lr<l 
p~tri dish 
graduated in 
'-~<~------ Ground l<lv~1 
Fig. 4 Apparatus used to measure the vegetation height. 
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variations and gave a good reflection of general height of 
vegetation at each point. 
From these readings contour maps were oonstruoted with 
contours at every 25mm. Contour measurements;were taken on the 
experimental and oontrol strips every three months throughout 
the stu~. Overall means and standard deviations (variation 
in vegetation height) were oaloulated for eVery position, 
and oontour maps oonstruoted for mean vegetation height and 
variation in vegetation height ( fig. 7, p 43). 
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Results 
The results of the main investigation of Pi lanceolata fall 
into three broad categories. The first of these (see i below) 
is a brief description of the area under investigation and the 
distribution of the Plantago rosettes within it. The second 
(results ii, p 50) deals with the investigation into mioro-
differentiation - the effeot of the environment on the phenotypio 
and genotypio charaoteristics of the population, observed 
mainly from the experimental population sampled from the field 
and subsequently oultivated in the gardens and greenhouse. The 
third section (results iii, p 69) describes the population 
parameters, such as gene flow and population turnover, observed 
mainly from the control population in the field. 
i) Description of the habitat and distribution of 
P. lane eo lata 
a) The habitat 
A general layout of the area under investigation at Lundin 
Links is given in fig. 5, p 39. The control and experimental 
strips were approximately equivalent to each other and were 
patchy with respect to the density, type and height of the 
vegetation. A more detailed description is given below. 
The profile of the ground was obtained by taking readings 
at 10cm intervals throughout each quadrat of the distanoe between 
the horizontal height of the plotter frame and soil level. 
Fig. 6, p 40, shows the average profiles obtained for the control 
and experimental strips. The site had a gradient of approximately 
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35% except in quadrats j (control strip) and J (experimental 
strip) where the dune pasture abrupt~ gave way to sand dune. 
The contour maps (fig. 7, p 43) show the height of the 
vegetation in more detail. The lowest vegetation was in the 
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region of the path (quadrats b, B) and on individual dates tall 
clumps of, for example, Ammophila arenaria were clearly'detectable on 
the maps. The tallest vegetation showed the greatest variation 
(correlation coefficient -~ O.66,P ~0.001) whereas the lowest 
vegetation on the path did not vary in height. The vegetation 
was of a more uniform height in December and March and showed the 
greatest height variation in June and September. The vegetation 
height did not vary greatly from year to year. 
The vegetation in both the control and experimental strips 
was mapped ful~ in June 1970, using plotter soales. The species 
present were identified and their general areas marked. The 
results were collated as a vegetation map (fig. 8, p 45). 
Typioal dune pasture speoies were present, Festuca rubra and 
Galium verum being particularly abundant. Ammophila arenaria 
was found in quadrats j and J where the dune pasture gave way to 
the sand dune. 
b) Distribution of P. lanceolata 
P. lanceolata was found throughout the area, although some 
quadrats were more densely populated than others (see fig. 9, p 46). 
Large numbers of rosettes were found in quadrats b, h, H, i, I and 
j. Very few were found in quadrats a and d. The rosettes on the 
control strip were shown to be non-randomly distributed by testing 
'goodness of fit' to a Poisson distribution on a quadrat basis 
(P~O.OOl). Table 6 shows the number of plants present in the 
42. 
Figure 7. 
Contour maps 0'1 the study area at Lundin Links 
a) _ean vegetation height at 25mm intervals 
(June 1969 - September 1971) 
b) Standard deviation ot vegetation height 
at intervals ot 10 units during the same 
period. 
a) 
Ouadrat J QxIdrat j 
Experimental 
Strip 
Control 
Strip 
43. 
b) 
Ouadrat J 
44 . 
Figure 8 . 
Examples of vegetation maps showing some of the more 
abundant species . 
a) 
b) 
Achillea millefolium 
Veronica chamedrys 
Galium verum 
Lotus corniculatus 
Thalictrum minus 
Ononis repens 
0) Quodrat J Quadrot j b) 
45 . 
J 
o 
o 
Fig. 9 Position of mapped rosettes on the control 
and experimental strips prior to sampling 
in June 1969. 
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11:3 Results i: Plantago distribution 
different quadrats on the control strip in June 1969, and also 
gives the distribution of the different phenotypes as olassified 
by growth habit alone. 
Table 6. Distribution of rosettes on the oontrol strip 
in June 1969 
Quadrat No. plants No. plants Key: 
41. 
P I U P prostrate forms 
a 4 0 2 2 I intermediate 
b 38 21 10 1 forms 
0 6 0 5 1 U ereot 
d 4 0 2 2 
e 11 0 5 6 
f 12 0 6 6 
g 14 1 7 6 
h 36 0 19 11 
i 36 12 22 2 
j 34 0 8 26 
Of the four most dense~ populated quadrats, b, h, i and 
quadrats band i oontained a high number of prostrate plants. 
From the oontour maps (fig. 7, p 43) it oan be seen that the 
lowest vegetation was found in quadrats band i. The least 
densely populated quadrats, a, 0 and d, with tall vegetation, 
oontained no prostrate plants. 
forms 
j, 
One might speou1ate that the non-randomness of the population 
oou1d be due to several causes, for example, vegetative propagation 
of individual plants, seed dispersal or environmental faotors 
suoh as large areas of dense vegetation. Therefore in order to 
deteot the approximate areas over whioh non-randomness (or olumping) 
pertained, a more detailed pattern analysis of the position of the 
1113 Results i: Plantago distribution 
plants on the control and experimental strips in June 1969 was 
made using methods described by Greig-Smith (1964). In this 
technique, each quadrat is divided into a series of smaller but 
equal sub-divisions. The variance in the number of plants present 
in blocks of different size is then plotted against block size 
to detect at what levels clumping occurred (fig. 10, p 49). 
Because the variance increases as the block size increases, the 
data must be transformed by the regression of the plant position 
along the strip against the density of the plants. The deviation 
48. 
from the best line through these pOints is used to reoaloulate the 
plant densities (see Appendix 1, table 6). When treated in this 
way, the transformed data showed clumping of the plants at i) t4 
quadrat size = 62.5nm2, ii) t quadrat size • an area of 125 x 25Omm, 
iii) 4 x quadrat size _ 1m2• 
The first of the areas over which clumping was found (62.5mm2) 
corresponds to a very small area around a plant and may be due to 
vegetative propagation. 4.3% of the plants were seen to be 
propagated in this way. This peroentage may be artifioially low 
as only those rosettes which shared a common rootstook were oounted 
as olones. Clumping over an area of 125 x 250mm might be due to 
seed dispersal. The seeds of P. lanoeolata tend to fall around the 
plant rather than to be dispersed over large distances as there ia 
no active dehisoenoe mechanism (Sagar & Harper 1964). The third 
level of olumping (4 x quadrat size) is probably due to major 
environmental differences such as height or density of the surrounding 
vegetation. Many other oauses, e.g. the level of other speoies, 
could be suggested. 
i 
• i 
Ii 
~ 
64 units of block .ize • I quadtat 
3 
2 
32 128 256 
Block .Ize -
Fig. 10 Pattern analysis (after Greig-Smith 1964) to show 
levels of clumping of rosettes on the control and 
experimental strips in June 1969 (transformed data). 
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ii) The environment and its effects on phenotYpe 
and genotype - microdifferentiation 
The experiments on contrasting populations (pp 14 - 28) 
showed the existence of different phenotypes of P. lanceolata. 
The first aim of the investigation on microdifferentiation was 
therefore to confirm the presence of these same phenotypes in the 
population at Lundin Links. This was achieved by correlating the 
morphological characteristics of the plants. 
a) MorphologY of the plants in the field 
The individuals on the control strip at Lundin Links were 
measured for leaf number, leaf width (mm), leaf length (mm), 
inflorescence number, scape length (mm), spike length (mm) and 
growth habit. (This latter character was scored every three monthe 
on a 1 - 5 scale, 1 being the prostrate growth habit and 5 being 
the erect growth habit). The correlations between these phenotypic 
measurements taken in June 1969 are shown diagrammatically in 
50. 
fig. 11, p 51 (see also Appendix 1, table 1, p 200 , for correlation 
matrix). 
From the diagram it can be seen that there is a high degree 
of significant positive correlation between the characters, e.g., 
leaf length is significantly positively correlated with all other 
characters. Inflorescence number and growth habit are the charaoters 
which are the least highly correlated with the other charaoters 
but they are both correlated with leaf length and spike length. 
It is therefore apparent that a gradation of phenotypes occurs 
those at the one extreme having shorter, fewer leaves, shorter 
scapes and spikes and a prostrate growth habit, and those at the 
Fig. 11 To show the significant correlations between 
A 
• 
C 
D 
E 
F 
G 
the morphological characters of the plantains in 
the field in June 1969. 
Leaf number .. p __ O·OOI 
lAaf width - p .-0.0. 
lAaf length - p,0.05 
Inflorescence number 
Scape lentth 
Spike lentth 
Growth habit 
51. 
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other extreme having more leaves, longer leaves, longer soapes 
and longer spikes and an erect growth habit. 
b) MorphologY in relation to habitat, defined 
by ve~etation height 
The next objective of the investieation was to relate the 
field phenotypes to their habitat. The habitat was desoribed in 
terms of vegetation height and individual plants were oorrelated 
with the height of the vegetation surrounding them. 
The plantains, measured in the previous section (see p 50), 
were also mapped within each quadrat and given a grid referenoe. 
They were then replotted on the 25mm contour maps of June 1969 
(fig. 7, p 43) and the height of the surrounding vegetation (to the 
nearest 25mm) was obtained for eaoh individual. This was then 
correlated with the data oolleoted in June 1969 for eaoh plant 
(see results iia, p 50). The height of the surrounding vegetation 
was positively oorrelated with growth habit, leaf length and width, 
soape length and spike length (P~O.Ol). Therefore, the taller 
the vegetation, the more erect and taller the plants tended to be. 
(See fig. l2a, p 53, also Appendix 1, table 8, p 200). 
This analysis used only June 1969 data for the experimental 
plants surviving in the greenhouse. June 1969 data were used 
for this initial correlation beoause a) they refleoted the state 
of the site before the experimental plantains were removed, 
b) the plantains whioh were removed may themselves have influenoed 
the height of the vegetation; 0) the site was relatively undamaged 
by trampling. In order to establish whether the correlations 
between the height of vegetation and leaf length, growth habit and 
52. 
Fig. 12 
a) 
8 
b) 
To show the signifioant oorrelations betweon the 
vegetation height and the morphologioal charaoters 
of the plantains in the field a) in June 1969; 
b) in June 1970. 
G A Leaf number B Leaf width 
C Leaf length 
0 Inflorescence number 
E Scope length 
F Spike length 
8 G Growth habit H Vegetation height 
-
p<O·OOI 
0) - p<O.OI 
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number of inflorescenoes were persistent, the individual plantains 
in the oontrol strip in June 1970 were looated on the 25mm oontour 
map of mean vegetation height and measurements of leaf number, 
leaf length, leaf width, infloresoenoe number, soaps length, spike 
length and growth habit were tested for oorrelation with mean 
vegetation height. It was found that leaf length, soape length 
and growth habit were highly positively oorrelated with mean 
vegetation height (P<O.Ol) as before. Leaf width was not 
oorrelated with mean vegetation height as in June 1969 but spike 
length was stifl oorrelated (P<O.OI). (See fig. 12b, p 53f a180 
Appendix 1, table 8). 
There is therefore olear evidenoe that leaf length and growth 
habit of plantains in the field are generally oorrelated with 
vegetation height. These are probably the most important of the 
oharaoters used for desoribing the phenotypes of the plants. 
54. 
It is apparent therefore that the phenotypes in the field are oloselY 
related to their habitats, as defined by vegetation height. 
c) Genetic determination of phenotlpio differenoes 
The main strategy of the investigation on mioro-differentiation 
was to find out, by statistioa1 analysis, whether the phenotypic 
differenoes observed in the field (results iia, p 50) would persint 
after removal of the plants to two different uniform oonditions, 
indicating genetic adaptation to their environment, i.e. micro-
differentiation. 
Therefore in June 1969 each plantain on the experimental 
strip at Lundin Links had been removed to the greenhouse and oloned. 
(See Appendix 1, P 197 and methods iii, p 32). Two replicates 
IIa3 Results iia Genotypes 
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had been set out in the gardens in late September 1969 and four 
replicates were kept in the greenhouse. Measurements of leaf number, 
leaf width, leaf length, inflorescenoe number, soape length and 
spike length were made in June and September 1910 on both garden 
and greenhouse plants. Growth habit was soored on eight oooasione 
throughout the summer. This data, together with the field data 
(June 1969) of the corresponding plants, was then analysed by 
2 
selective multiple regression using maximum R improvement teohniques, 
produot-moment correlation and Spearman Rank correlation (see 
Appendix 1, p 201, for notes on statistical techniques). Spearman 
Rank correlation had to be used beoause growth habit is a disorete 
charaoter. Analysis of variance was used to test whether there 
were differences between the genotypes of the plants within the 
garden and greenhouse environments. 
Comparison of garden and greenhouse plants 
When moved into the more favourable conditions of the gardens 
and greenhouse, the cloned plants showed a dramatio inorease in 
size (table 1, p 56). The garden plants were much bigger than the 
greenhouse plants. Being spaced two feet apart in the garden and 
comparatively less restricted in growth than the potted plants in 
the greenhouse, they could support a larger root system. In order 
to get sufficient replication in the greenhouse, it had been 
necessary to clone the greenhouse plants more than once. There 
are interesting differences between the plants cloned at different 
times. Being younger, those of clone date 2 have fewer leaves and 
fewer inflorescences than those of clone date 1. However, the leaf 
dimensions and infloresoence dimensions are also different. The 
1113 Hesults 111 Genotypes 
Table 1. Comparison of character means of plants in the field with 
means obtained after oloning and oultivation 1n BIlden 
and greenhouse environments 
Means 
Charaoter Field 1969 Garden Greenhouse Greenhouse 
1 2 
Leaf no. + 42.4 ±2.8 23.6 + + 3.9 -0.2 -1.1 10.2 
-0.4 
Leaf width (mm) + 9.4 -0.3 22.9 !0.6 11.8 !0.2 + 14.9 -0.3 
Leaf length (mm) 126.7 !5.4 320.9 !8.2 149.8 !3.7 184.6 !3.9 
Infloresoenoe no. 1.8 + -0.2 50.6 + -2.5 + 12.7 -0.5 + 4.) -0.3 
Soape length (mm) 211.6 :13.0 546.9 !9.6 315.0 !5.8 379.1 + -7.9 
Spike length (mm) 10.1 !0.6 47.9 + -1.4 3.3 !0.6 21.7 !0.6 
Growth habit (1-5) + 4.0 -0.1 3.7 + -0.1 3.3 + -0.1 ).8 !O.l 
Notel Greenhouse 1 - Clone date Ootober 1969 
Greenhouse 2 - Clone date April 1970 
younger plants have larger leaves and larger infloresoenoes. The •• 
plants were oloned shortly before the flowering season and it seems 
that the plants' energy may have been redireoted into produoing 
fewer, larger leaves and inflorescenoes. 
Analysis of varianoe on garden and greenhouse pllnt! 
It was cruoial to the investigation to find out whether the 
phenotypio differenoes observed in the field still persisted 1n 
the two different, though uniform, environments of garden and 
greenhouse in spite of the overall inorease in size of the plants. 
Therefore 1) a one-way analysis of varianoe was oarried out to 
determine whether there were detectable genotypio differenoes 
regardless of environment and 2) a two-way analysis of varianoe 
was oarried out in order that the variance might be partitioned 
56. 
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to obtain heritability data. However, beoause of olonal death, 
only 39 of the 119 sampled plants were fully replioated in both 
garden and greenhouse and were available for this analysis. 
Sinoe, therefore, the analysis was based on a small sample, the 
error would be expeoted to be high. Although the signifioant 
results obtained would be valid, other real genotypio differenoes 
might not be apparent. Gross heritability for growth habit oould 
not be caloulated as it was not possible to do a two-way analysis 
of variance on the qualitative data obtained for that charaoter. 
The results of the one-way analysis of varianoe are summarised 
in table 8,whioh shows the signifioanoe levels where difforenoes 
between genotypes were found. 
Table 8. Significance levels obtained from one-wAY analyst; of 
variance between genotypes within environments for th! 
morphologioal charaoters of the cloned pllnts 
Garden Greenhouse 
Charaoter June September June September 
Clone I Clone 2 Clone I Clone 
Leaf no. *** *** *** *** 
Leaf width *** *** *** *** ** 
Leaf length * *** *** *** *** *** 
Inf'lo. no. ** *** 
Soape length * *** ** ** *** *** 
Spike length *** *** ** *** ** 
Keys *** P~O.OOlf ** P~O.Ol; * P<:O.05 
2 
Strong genotype differenoes (as oompared with replioate 
differenoes) were found for leaf length and soape length, regardless 
57. 
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of the oloning date or in whioh environment (garden or greenhouse) 
the plants were situated. (It will later be found that these 
oharaoters are always highly oorrelated). Leaf length and spike 
length showed strong genotypio differenoes in both gardens and 
greenhouse but leaf number and infloresoenoe number only showed 
genotypio differenoes in the greenhouse. 
To quantify the probable genetio oomponent determining these 
oharaoters (exoept perhaps leaf number and infloresoenoe number), 
a oaloulation of the gross heritability for main effeots was made 
by partitioning the varianoe obtained from the two-way analysis of 
varianoe. Gross heritability was determined from the formulation. 
Gross heritability 
• degree of genetio determination 
ff t (h2) cl for main e eo s 
- g ~g + cl-e 
where a2g _ genotypio varianoe and d2e - pooled environmental 
varianoe and environmental varianoe between replioates. 
From the analysis of varianoe table, the varianoe may be 
partitioned as follows.-
Variation Mean Sum §.g Components 
Genotypes r~g + d2e 
Error d2e 
From Huitson (1966), r is apprOXimately 2 3, therefore h may be 
oaloulated. 
Table 9 shows the heritabilities of the different oharaoters 
in the different environments oaloulated as above. 
58. 
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Table 9. Heritabi1ities based on 2-w~y analYsis of varianQe 
(June and September 1910 data) 
Gardens Greenhouse 
June '10 Sept '10 June 1910 September 1910 
Clone 1 Clone 2 Clone 1 Clone 2 
Leaf no. -0.01 (NS) -0.29 (NS) 0.58 0.53 0.51 0.56 
Leaf 
width -0.13 (NS) 0.13 0.50 0.26 0.31 0.20 
Leaf 
length 0.41 0.18 0.32 0.29 0.39 0.51 
Inflo. 
no. 0.30 (NS) 0.38 (NS) 0.28 -0.02(NS)0.38 O.08(NS) 
Soape 
length 0.43 0.15 0.29 0.53 0.45 
Spike (NS) length 0.33 0.64 0.33 0.53 0.59 
All heritabilities signifioant at 5% level exoept those 
marked (NS) 
The negative heritabilities are probably explained by the large 
error due to the small numbers involved. It is olear, sinoe so 
many of the heritabilities are signifioant, that the oharacters, 
exoept perhaps infloresoenoe number, are genetioally determined 
to a major extent, espeoially leaf length and soape length, in 
whioh all the heritabilities are signifioant and of high value 
0.44 
0.29 
in the gardens. Beoause the oaloulation of gross heritabilities 
represented one of the aims of this investigation, it was 
inoluded even though little weight oan be attaohed to the aotual 
heritabilitles oaloulated. A more efficient and suooessful method 
of oloning~. lanoeolata has sinoe been devised by Lion Wu (pers. 
oomm.) and if this method had been available there is little 
doubt that the heritabi1ities obtained would have been more aoourate 
and, possibly, more significant. 
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Correlation analysis of garden and greenhouse plants 
It was decided to confirm the results obtained by the analysis 
of variance above using an alternative method of analysis, which 
took into account all the cloned plants, including those not 
completely replicated in both the gardens and the greenhouse. 
Selective multiple regression using maximum R2 improvement 
techniques, product-moment correlation and Spearman Rank correlation 
was used. The results are described in the following three sub-
sections but for correlation matrices and notes on statistical 
techniques see Appendix 1, pp 200 - 207. It will be found that 
leaf length and scape length, together with growth habit, are 
genetically determined to a major extent. 
1) Correlation of the plant characters after cultivation 
in gardens and greenhouse 
The morphological characters of the plants in each of the 
uniform environments (garden and greenhouse) were correlated 
together to establish whether the phenotypic differences found 
in the original sample of plants had persisted despite the increase 
in plant size (see table 1, p 56). The highly significant 
correlations previously found tend to persist, e.g. leaf length, 
scape length and growth habit are still positively correlated. 
The weaker correlations found in the field (fig. 11, p 51 ) have 
now disappeared, i.e. those characters correlated with leaf number 
and inflorescence number~ Fig. 13, p 62, shows the significant 
correlations between characters in the garden and greenhouse plants, 
fig. 13g isolates the most important and consistent correlations 
found in the different environments. 
6l. 
Figure 13 
To show the significant correlations between 
the plant oharaoters in the garden and greenhouse 
a) 
b) 
c) 
d) 
e) 
f) 
Garden, June 1970 
Greenhouse (olone date 1), June 1970 
Greenhouse (clone date 2), June 1970 
Garden, September 1970 
Greenhouse (clone date 1), September 
Greenhouse (clone date 2), September 
1970 
1970 
g) the consistent and important correlations 
shown in a - f. (See appendix 1,. table 11) 
Key. A. leaf number, B • leaf width, 
C • leaf 1engthJ D • inflorescence number, 
lil • scape length. F. spike length, 
G • growth habit. 
62. 
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Therefore there is evidence that the phenotypic correlations 
found in the field persist when the plants are grown in uniform 
conditions in dissimilar environments in spite of large inoreases 
in general plant size. It is interesting that the correlations 
between leaf number and inflorescence number with the other 
characters are not consistently found, either in the field or in 
the different uniform environments. Where correlations with these 
characters do exist in the garden and greenhouse, they are found 
to be positive in some cases and negative in others, indicating 
that leaf number and inflorescence number respond to the environment 
independently of many of the other characters. 
2) Correlation of garden and greenhouse phenotYpes with 
vegetation height from which the plantains originated 
It was reported earlier (p 52 and fig. 12, p 53) that the 
phenotypes in the field were closely related to the height of the 
vegetation surrounding them, plants from taller vegetation having 
longer leaves, scapes and spikes and being more erect in growth 
habit. It was now found by correlation of the vegetation height 
with the morphological characters (Appendix 1, tables 12 and 13, 
pp 204 - 205) that, even after cultivation in the garden and 
greenhouse, plants origina1~ from taller vegetation have more 
leaves, longer scapes and spikes and are more erect in crowth habit. 
Therefore three of the four correlations found earlier (p 52) 
have persisted under cultivation despite the large inorease in 
size of the plants. This would indicate an underlying genetic 
component for these characters. An additional correlation (height 
with leaf length) is found in the field but this does not perSist 
IIs3 Results ii: Correlation: Phenotypes & veg. ht. 
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with any level of consistency under cultivation. 
The clearest relationship is between leaf number and vegetation 
height, but this significant correlation found in the garden and 
greenhouse, does not occur in the field. This correlation is 
interesting because the plants in the greenhouse and garden were 
growing in comparative isolation and were free to increase in size 
as much as the soil resources and space permitted: the mean leaf 
number of the greenhouse plants was 23 for those of clone date 1, 
10 for those of clone date 2 and 42 for the garden plants, compared 
with 4 in the field, reflecting the influence that the environment 
had on the Ultimate plant size. That these leaf numbers were 
correlated with the mean vegetation height in the field is somewhat 
surprising and reveals that the different phenotypes may be under 
differential limiting pressures in the field which may tend to mask 
the expression of genetic differences, e.g. erect plantains growing 
in tall vegetation may tend to be more shaded than prostrate plants 
growing in low vegetation, thus comparatively restricting the 
development of the erect plants and slowing down their growth rate. 
Alternatively it may indicate that in tall vegetation there is 
selection for rapid growth rate, but that environmental effects 
and the wide range of ages of plants in the field mask the correlation. 
3) Comparison of plantains in the field with the same 
plantains grown in the garden and greenhouse 
The characters of the plants in the field reflect both the 
direct influence of the environment (and are therefore in some 
measure a biological assay of the environment) and they reflect the 
genotype of the plants. If the genotypes are themselves associated 
with certain environments, then the field characters of the plants 
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IIs3 Results iia Correlation: field & uniform envts. 
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oonfound three influences, namely, environment, genotype and 
mioroadaptation (genotype-environment oorrelation). The relationship 
between the phenotypes in the field and the phenotypes in uniform 
oonditions is a measure of two things. a) whether the phenotypio 
differenoes observed in the field have in part a genetio oomponent, 
and b) whether there is miorodifferentiation in response to a 
heterogeneous environment, if the field oharaoters are themselves 
oorrelated with the environmental differenoes. The only oondition 
under whioh the latter would not hold is if the plants that were 
responsive to the environment were not the same as the plants whioh 
showed genetio differenoes. This seems unlikely. 
Two oategories of oorrelation were distinguished in the 
analysis. 
i) Field oharaoters oorrelated with the same oharaoters 
under uniform oonditions, 
ii) Field oharaoters oorrelated with other oharaoters under 
uniform oonditions. 
Table 10 shows the oorrelation matrix, whioh oombines both of these 
two oategories of oorrelation. For full details see Appendix 1, 
tables 14 and 15. Leaf number, leaf length, spike length and the 
growth habit of the plantains when in the field are signifioantly 
oorrelated with those same oharaoters of the same plantains when 
in the garden or greenhouse. Of these oharaoters, leaf length is 
the most highly oorrelated and the oorrelations (leaf length in the 
field with leaf length in the garden and greenhouse) are positive. 
For leaf number, however, the oorrelation is negative in the garden 
but positive in the greenhouse, indioating the different effeots 
the two environments have on that oharaoter. 
IIs3 Results ii. Correlation. field & uniform envts. 
The other consistent correlations of eaoh oharacter in the field 
with other characters under uniform conditions involve growth habit. 
Leaf length, scape length and spike length (as well as growth 
habit) in the field are all correlated with growth habit in uniform 
conditions. Growth habit in the field is in turn correlated with 
leaf length under uniform conditions. 
This pattern of correlations strongly suggests that the 
characters of leaf length, inflorescence length and growth habit, 
which are correlated in the field, (see p50) are genetically 
determined since these charaoters are also correlated under uniform 
conditions of cultivation. 
d) Discussion 
From the foregoing results, a picture emerges of a population 
of plantains inoorporating the extremes of prostrate plants with 
smaller leaves and infloresoences living in low vegetation with the 
more ereot plants with larger leaves and infloresoences living in 
taller vegetation, together with a gradation of intermediate types. 
These genotypes remain distinct when the plants are moved into 
different, more uniform environments, even though all the plants 
alter in size, especially increasing the numbers of their leaves 
and infloresoences. These charaoters (leaf number and infloresoence 
number) are highly influenced by the environment. The prostrate 
plants tend to grow more erect and the leaves and inflorescenoes 
become larger but, even so, they remain relatively smaller than the 
erect plants which tend to remain erect but also increase leaf and 
infloresoence dimensions. The charaoters of leaf length, scape length 
and growth habit are always highly correlated and one might suspect 
genetiC linkage or developmental correlation between them. 
IIt3 Results ii: Discussion 
Calculations of gross heritability for the main effeots in the 
different environments of field, garden and greenhouse, oonfirm 
that there may be a fairly high degree of genetio determination 
for these characters, though a reliable quantitative assesement 
oould not be made due to the small number of plants whioh were 
fully replioated in both garden and greenhouse. This analysis 
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does assume, however, that after one year's growth in two different, 
but supposedly uniform, environments any remaining variation is 
genetio. Although this is likely, it might not be so sinoe there 
is the possibility of somatic seleotion induoing semi-permanent 
ohanges in the phenotype (Durrant 1962). 
II.3 Results iii. Flowering times 
ii1) Population Parameters 
The population of P. lanceolata in the control strip at 
Lund1n Ldnks afforded the opportunity to study various parameters, 
which were considered to be relevant to the investigation and the 
understanding of the dynamic forces acting on the population. 
These parameters consisted of one aspect of gene flow, i.e. 
reproduotive isolation, selection pressure and population turnover. 
a) Reproduotive isolation 
An investigation was carried out to determine whether there 
was reproduotive isolation of any kind between the phenotypes. 
The divergent phenotypes in the heterogeneous habitat were situated 
only a few centimetres apart and it might be supposed that there 
would be heavy gene flow tending to swamp this divergenoe. The 
following parameters were measured for the prostrate, intermediate 
and erect phenotypes.- flowering times, number of infloresoenoes 
and the amount of seed set. 
F~owering times 
Flowering was arbitrarily divided into six stages. 
1) appearanoe of bud 
2) elongation of soape 
3) appearance of stigmas 
4) anthesis in lower half of spike 
5) anthesis in upper half of spike 
6) anthesis ended. 
These stages are illustrated in plate 3. 
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Plate 3 
The different flowering stage5: 
1) Appearance of bud, 
2) elongation of soape, 
3) appearance of stigmas, 
4) anthesis in lower half of spike, 
5) anthesis in upper half of spike, 
6) anthesis ended. 
II.3 Results iiil Flowering times 
Each plant in the control strip at Lundin Links, in the 
garden and in the greenhouse, was soored weekly for six weeks 
for the number of infloresoenoes and the stage of flowering of 
each inflorescence. The mean stage of flowering was then 
oaloulated for eaoh phenotype (as olassified in June 1969) in 
each environment every week. Regressions of the mean stage of 
flowering against time revealed a differenoe of 8.1 days 
between the flowering times of the prostrate and ereot phenotypes 
at Lundin Links. 
From fig. 14 and table 11 (also Appendix 1, table 16, p 208 ), 
it can be seen that in all environments there are flowering time 
differenoes between the different phenotypes, with ereot plantains 
flowering before prostrate plantains. Heterogeneity Chi2 tests 
on numbers in each flowering stage on the last date of reoording 
showed significant differenoes among growth habit types in the 
Lundin Links population (P~0.05) and in the garden population 
(P~O.Ol). Differenoes between the habit types in the greenhouse 
were not signifioant. 
Table 11. Differences in flowering times between the phenotYpes 
in different environments 
Environment 
Difference in mean floweri~ stage between 
prostrate and ereot plants expressed in days) 
Lundin Links 1.11 stages - 8.10 days, (1 stage • 7.30 days) 
Garden 0.14 stages - 1.03 days, (1 stage -·7.36 days) 
Greenhouse 0.29 stages • 1.10 days, (1 stage • 3.79 days) 
Assuming the garden and greenhouse to be relatively uniform 
environments, the results suggest that the differenoes in flowering 
time between the phenotypes may be partly genetio in origin. The 
environment at Lundin Links does play an important part in induoing 
these differences. 
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IIs3 Results iii, No. inf1os. 
Number of infloresoenoes produoed 
In June 1970, of the 196 plantains on the control strip at 
Lundin Links, 103 (or 52.6%) plants flowered. In the gardens, 
during the same period, 84/89 (or 94.4%) experimental strip 
plantains flowered indicating that the natural environment limits 
flower production. Also the flowering period at Lundin Links 
oeased at the beginning of July, whereas in the gardens it 
extended until September - probably a refleotion of the effects 
of the oompetition pertaining in the dense sward at Lundin Links. 
Comparison of the phenotypes (as distinguished by growth 
habit) at Lundin Links reveals that a lower proportion of the 
prostrate plantains produoed flowers (table 12) oompared with 
ereot and intermediate types. However, this differenoe was not 
significant (Heterogeneity)l2 • 0.97). 
Table 12. The proportion of phenotypes whioh flowered in the 
different environments 
Lundin Links Greenhouse Garden 
No. No. No. 
Pheno- No. plants No. plants No. plants 
type plants + flow- % plants + flow- % plants + flow- % 
er er er 
p . '26 10 38 4 4 100 7 4 57 
I 87 50 57 69 53 77 32 31 97 
E 83 43 52 83 62 75 50 49 98 
Keys P = prostrate growth habit, I • intermediate growth habitf 
E • ereot growth habit 
In the gardens, greenhouse and field, approximately equal 
proportions of intermediate and ereot plants flowered although 
the peroentages were different in the different enVironments, 
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1II3 Results iiil No. inf1os. 
indicating environmental effects. The trends, however, show that 
the prostrate plants in the field are limited in flower production 
in some way by their environment, compared with the other 
phenotypes. This could be due to the relativelY exposed situation 
in which prostrate plantains are found (e.g. on the footpath) 
or selection for emphasis on vegetative rather than sexual 
reproduction. In the control and experimental strips in June 
1969, a slightly higher proportion of prostrate plants were 
vegetatively propagated but this was not significantly different 
from the population as a whole. Table 13 gives the numbers of 
cloned plants found at Lundin Links. 
Table 13. Proportion of cloned plants at Lundin Links, June 1969 
p 
Growth habitl 
I E Total 
74. 
No. cloned plants 
No. plants 
3 • 5.8% 5· 3.3% 16. 4.3% 16. 4.3% 
52 154 168 374 
Key. P - prostrate growth habitJ I - intermediate growth habit, 
E • erect growth habit. 
Therefore there does not seem to be selection for vegetative 
propagation and it is more likely that flower production by 
prostrate plantains is limited by the exposed situations in which 
they are found. 
IIa3 Results iiil Amount of seed 
Amount of seed set 
In order to estimate the number of seeds produoed on the 
control strip at Lundin Links, seed heads (spikes) were collected 
and the number of seeds in each spike was correlated with the 
length of the spike (r • 0.80, fig. 15). (See also Appendix 1, 
table 11, p 209). 
The length of the longest spike had been measured tor eaoh 
plantain on the oontro1 strip. Therefore from the oorrelation, 
the number of seeds per flowering plant was estimated. This 
may be an overestimate because it was assumed that all the spikes 
on an individual plant were the same length, i.e. as long as the 
longest spike. However, in the correlation no aooount was taken 
of any seeds which may have been shed before the seed head was 
collected. 
Over the whole strip, i.e. the control strip, an estimated 
total of 2124 seeds was produced. 
Comparison shows that different numbers of seeds were 
produced by the different phenotypes, prostrate plants producing 
15. 
the fewest seeds and intermediate plants producing the most (table 14). 
Table 14. The estimated number of seeds produced by the phenotypes 
on the control strip 
No. Total 
No. plants no. 
Phenotype plants + f1ow- seeds 
Prostrate 
~ter­
mediate 
Erect 
Total 
26 
87 
83 
196 
er 
10 
50 
43 
103 
168 
~U 
1039 
2124 
No. seed per 
flowering 
plant 
16.8 
30.3 
No. seed per 
plant 
1 
.. 
1 
~ 
so 
• • 40 
30 
, 
20 • • 
• 
• • 
• 
-10 Spike length (mm.'---+ 
Fig. 15 Correlation between the number of seeds produced 
a~d spike le~gt~. (Correlation coefficient. 0.80, 
P < 0.01.) 
11:3 Results iii: Variability within population 
The number of seeds produoed has been shown to be proportional 
to spike length. It has also been found that spike length was 
significantly positively correlated with the growth habit of the 
plants on the oontrol strip at Lundin Links (see results iia, p 50). 
Spike length was also found to be significantly oorrelated with 
growth habit after cultivation in the garden and greenhouse 
(see results iio, p 60) suggesting that the oharaoters of growth 
habit and spike length (number of seeds) may be eenetioally linked. 
b) Genetic variability and se1eotion pressure 
From the previous results (pp 50 - 68), whioh strongly 
suggest mioroadaptation within the small Plantago population, 
one must surmise that the se1eotion pressures needed to maintain 
suoh a population would be quite high if there is a high degree 
of gene flow. It has been shown that there is some measure of 
reproduotive isolation between the phenotypes (pp 69 - 72) and 
this would tend to reduoe gene flow. Even so, with a preoise 
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matoh of phenotype and genotype to the environment (mioroadaptation), 
one might expeot high seleotion pressures and the wastage of large 
amounts of seed. In order to estimate whether there was suffioient 
variability resident in the population to allow evolution to 
have prooeeded in this way, a seed sample was taken at random 
from the general area at Lundin Links in July 1969. 208 seeds, 
spaoed 2ft apart, were sown in a random blook in the garden in 
May 1970. The plants were measured for leaf number, leaf width, 
leaf length, infloresoenoe number, soape length, spike length 
and growth habit in Ootober 1970. Direot oomparison of these 
plants with those of the experimental and oontrol strips (in order 
IIs3 Results iiibl Variability within population 
to obtain some estimate of the selection pressures) could not be 
made so they were compared with plants from the experimental 
strip growing under similar conditions (table 15). Unfortunately 
the conditions at the time of establishment and the initial 
development stage of the seed population and adult population 
were not the same, and the'popu1ations differed in their means. 
the seed population produced larger plants. Comparison of means 
was therefore clearly invalid, but comparison of variances was 
made subjectively using coefficients of variation. 
Table 15. Comparison of cloned plants in the garden with 
general seed sample grown in the garden 
Character 
Leaf no. 
Leaf 
Expt l • strip plants in General seed sample 
garden n. 86 n • 200 
Mean 
62.91 
Coeff. 
Variance varia- Mean 
tion 
Cl 
1051.31 0.52 100.84 
Coeff. 
Varianoe varia-
tion 
C2 
3254.15 0.51 
width (mm 23.11 21.25 0.20 24.14 44.88 0.21 
Leaf 
1ength(mm 
Inf10. 
no. 
1084.39 0.20 365.31 5311.61 0.20 
25.12 235.01 0.61 51.61 644.13 0.49 
> 
> 
• 
< 
Scape 
1ength(mm)326.66 5604.02 0.23 622.81 10681.53 0.11 < 
Spike 
length(mm) 23.46 
Growth 
habit* 1.92 
52.22 0.31 44.86 305.59 0.39 
0.31 0.29 2.18 0.81 0.41 
* Growth habit calculated on a 1 - 3 scale. 
It can be seen that the variance of the seed sample was 
largely equal to or greater than that of the experimental strip 
plants grown in the gardens (5/1 characters). It is evident 
> 
> 
18. 
1II3 Results iiic: Population turnover 
that su££icient genetic variability resided in. the population, 
enabling natural selection to act as a sieve at each generation 
and perpetuate the extreme phenotypes. 
c) Population turnover 
As a further indication of the intensity of the potential 
selection pressures operating on the population, observations of 
population density, individual longevity, recruitment and mortality, 
decay rates and survivorship were made on the experimental and 
control strips. The emergent picture is of a population maintained 
by continuous selection and the processes of selection are highly 
dynamic. 
Population density 
On the control strip, the total number of plants recorded 
on any occasion showed very little fluctuation, except for a 
decline in the last three months (fig. 16). On the experimental 
strip, the total number of plants which arrived after the initial 
population had been sampled, rose throughout the study period 
though the numbers never reached a similar level to those on 
the control strip. There was a rapid increase in the population 
density between June and September in 1969 and 1910 but this was 
not observed in 1971. 
Individual longevitl 
On the control strip, only 80/365 plants lived throughout 
the study period (2 years). A large proportion of the short-
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lived individuals failed to flower and died within one year (fig. 17). 
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1113 Results iiicI Individual longevity 
Correlation of longevity with morphological characters 
of the plants in the control strip in June 1970 (table 16) 
shows that older plants tend to be larger in size than the 
short-lived plants. This is not surprising as one would expect 
plants which live longer to grow to a larger size. However, 
longevity is positively correlated with growth habit, indicating 
that erect plantains tend to live longer than prostrate plants. 
Table 16. Correlation of longevity with morphological characters 
of plants in the control strip. June 1970 
Leaf Leaf Leaf 
no. width length 
Character 
Inflo. Scape 
no. length 
Spike 
length 
Growth 
habit 
81. 
longevity 0.18 0.36 0.38 0.04 0.26 0.18 o 22 (corr. 
• coeff.) 
* *** *** 
Key. *** i> ~O.OOlJ ** P ... 0.01, 
Mortality and Recruitment 
** 
* p.s0.05 
** (level of 
signif-
icance) 
Mortality and recruitment were noted at every time interval 
throughout the study period. No clear seasonal trends were 
apparent (fig. 18, p 82, and table 11). 
There seemed to be an association between mortality and 
recruitment. an increase or decrease in mortality in a 3-month 
period was paralleled by a corresponding change in recruitment. 
The association was nearly significant with r • 0.61; (for r • 0.71, 
P~0.05). There was also a one to one correspondence in 
directional shifts in mortality and recruitment. 
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1II3 Results iiicl Decay rates & survivorship 
Table 17. Mortality and reoruitment on the oontrol strip, 
June 1969 - September 1971 
1969 1970 1971 
J-S S-D D-M M-J J-S S-D D-M M-J J-S Total 
No. deaths in 
time interval 30 19 48 20 18 11 7 33 186 
No. births in 
time interval 30 15 41 31 29 7 5 10 168 
Directional 
shift + + 
Key. M. )furch; J. June; S. September; D. Deoember 
Population decay rates and survivorship 
The decline in numbers of rosettes present at the beginning 
of suocessive time intervals (3 months) of the study was plotted 
on a log scale and regression lines fitted (Appendix 1, tables 
l8a, band 0, p 210). When the whole population is considered 
(fig. 19a, p 84) i.e. individuals starting in one year are inoluded 
with those established in previous years, the rate of decay 
remained more or less constant with time. The regressions did not 
differ significantly in slope (P<0.55). The overall regression 
gave a population half life of 2.17 years. When the oourse of 
population decay was plotted for new arrivals at each time 
interval (fig. 19b), the curves were generally linear except 
for those of plants establishing in December 1969, where there 
was a rapid decay rate for the first six months. The regressions 
also differed significantly in slope, (P':::0.02), with the 
plants establishing in June 1970 having a muoh slower deoay 
rate. The half life of the June 1970 new arrivals was 8.66 
83. 
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II:3 Results iiio: survivorship 
years compared with a value of 1.44 years for all new arrivals 
on the control strip. 
The fate of new arrivals in the experimental strip (after 
removal of all plants at the start of the investigation as 
part of the geneoologioal sampling) was also,followed (fig. 
190, Appendix 1, table l8c, p 210). Plants arriving at different 
dates did not have significantly different deoay rates, (p • 0.67), 
the deoay rates were remarkably oonstant and independent of the 
time of arrival. The overall decay rate of the new arrivals on 
the experimental strip gave a half life of 3.47 years, a muoh 
slower decay rate than on the oontrol strip. 
In order to compare more olearly the survivorship of the 
plants on the control and experimental strips, mean survivorship 
curves (of % survival plotted against time) over all arrival 
dates were calculated and plotted on a linear as well as log 
scale (fig. 20a and b, p 86). As the ages of the plants already 
established on the control strip were not known, the survivorship 
curves are for the survival of new individuals and do not 
include the period before establishment of the plants 8S recognisable 
l. lanceolata. The results clearly show that the survival of 
the plants on the experimental strip was consistently greater 
than that of the plants on the control strip. 
A more complete picture of survival in the pasture at Lundin 
Links comes from the observations on spike length, these were 
used to estimate the total amount of seed produced by the plants 
on the control strip in June 1970 (see results iiia, p 75,for full 
details). It was shown that there were approximately 2724 seeds 
produoed by the population. Since there were 51 new arrivals 
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in the following season (to June 1971) it was estimated that 
only 1.87% of the seeds developed into recognisable adults. The 
entire survivorship curve is therefore almost certainly v~y 
concave, with a very high juvenile mortality followed by a 
more or less constant probability of death at subsequent ages. 
d) Discussion 
The population of P. lanceolata growing at Lundin Links showed 
a very rapid turnover. Less. than half of the plants lived for 
more than two years, and correspondingly the population half 
life was a little over two years, comparable with the half life 
of 3.2 years noted by Sagar (1959) for a~. lanceolata population 
in a 'permanent' pasture in Oxford. This suggests that the 
habitat-correlated genetic differenoes reported in results ii, pp 
60 - 68 are maintained by continuous selection, and not simply by 
the long term accumulation of best adapted genotypes. The processes 
of selection are therefore highly dynamic. Quantitative coefficients 
of selection were not available from this investigation although 
it was shown that sufficient genetic variability existed in the 
Plantago population to support strong selection pressure. In a 
more recent study of Anthoxanthum odoratum growing in a park grass 
environment, patchy by virtue of different fertilizer treatments 
over many years, Davies and Snaydon (1976) have revealed the 
operation of very high seleotion pressures. The population of 
A. odoratum has a half life of approximately 2 years, which is 
comparable to that pertaining in the present investigation. 
Therefore one might suppose that equally strong seleotion pressures 
may be operating on the Plantago population. 
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The processes of population regulation in this population 
may also be highly precise. Throughout the study the population 
density in the control strip did not vary greatly. However, when 
population density was artificially lowered by removing the plants 
from the experimental strip, the population size in this area 
increased gradually over the study period. The population control 
was also highly localised. the removal of plants in the experimental 
strip did not detectably influenoe the population in the oontrol 
strip. This, together with the findings of Putwain, Machin and 
Harper (1968) that deliberate sowing of Rumex aoetosella seed at 
different densities on a sward had no effeot on the Rumex population 
in the following spring, indioates the precision of the meohanisms 
of population control in plants. 
Evidence as to the nature of population oontrol oomes from 
the associated data. Within each three-monthly time interval, 
mortality rates olosely paralleled reoruitment rates both in 
magnitude and direction. Similar results have been obtained by 
Antonovics (1972) and Sarukhan and Harper (1973). These 
observations suggest that many plant popu1ations (partiou1ar1y 
perhaps in pastures) have the ability to detect recruitment 
and/or mortality and can respond appropriately by corresponding 
shifts in mortality and/or recruitment. The analysis of decay 
rates and survivorship curves suggests that the populations 
are unlikely to be limited by seed supply. numerous seeds were 
produced and relatively few survived. In the present study 
there were probably also numerous seeds available to the 
experimental strip from the control strip (plants on the 'outside' 
of the experi~enta1 strip were often heavily damaged by trampling 
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during measurement and mapping). Although there was a slightly 
greater relative concentration of new arrivals in the experimental 
strip in the half of the quadrat nearer the control strip, this 
greater concentration was not significantly different (~2 • 0.62) 
from that present at the time of sampling. It appears therefore 
that availability of seed was not limiting in these densely 
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populated areas. There is considerable evidence however, that 
seedling establishment may have been a severe limitation, especially 
in areas of low density. Evidence for this comes from the fact 
that the population on the experimental strip was not restored to 
its original density in one season. even after two and a half years 
the population density had only reached a little over half its 
original value. Further evidence of problems during establishment 
oomes from the survivorship of plants that established at 
different times. Plants establishing in December 1969 showed 
an initially high mortality and one oould speoulate that in 
establishing at this time of year they had not aocumulated 
sufficient resources to survive well in the following spring, 
when oompetition by vigorously growing surrounding plants 
inoreased. Conversely, plants establishing in June 1910, most 
of whioh may have established under partioularly favourable 
conditions, showed a high survivorship. More generally, the 
observation that new arrivals had a greater deoay rate on the 
oontrol strip than the overall populations, suggests that 
young individuals were more susceptible to environmental hazards 
than older ones. Correlation with field phenotypes oonfirms 
that younger plants were morphologically smaller. 
Evidenoe of oontrol by oompetition between adult individuals 
at high density comes from observations on the deoay rates on 
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the experimental strip. These are considerably lower than 
the values on the control strip both for established individuals 
and for new arrivals. This suggests that density is an 
important determinant of mortality, being higher at higher 
densities. 
The overall pattern of population control that emerges is 
of a steady input of seeds, each with a low probability of 
establishment. Establishment itself appears to depend on the 
environmental density of surrounding plants of the same speoies 
and probably also different species and on the interaction between 
the two. Increasing densities of plants of the same species 
result in a lowered survivorship of existing individuals as well 
as of newly established seedlings. 
Much of the reason for the high turnover and mortality 
may be the selection process itself. We can recognise two, 
albeit arbitrary 'components' constituting the seeds entering 
any micro-habitat, namely, those seeds which are adapted to 
that niche and those that are not. Clearly there will be a 
continuum between these two oategories. Given that there is a 
finite chance of the seeds of both olasses becoming established, 
there will be mortality due to selective causes acting on the 
non-adapted component, and mortality due to 'chance' effects 
(disease, changes in micro-habitat, predators, eto.) acting on 
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both adapted and unadapted types. The balance between these various 
forces and their relative magnitudes will determine the rate of 
population turnover. This will be relatively constant in a well-
established population, where equilibrium between the various 
population influences is likely to have been attained. 
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4. General Discussion 
The existence of different phenotypes is a well-documented 
phenomenon for P. lanceolata (Pilger 1937; BBcher 1943; Sagar 
and Harper 1964) and for P. maritima (Gregor 1938). That the 
different forms are phenotypicallY suited to their enVironment, 
with, for example, prostrate plants being found in open situations 
and erect plants amongst taller vegetation, is also not surprising. 
The present study shows that suoh phenotypic adaptation can 
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readily occur within a small area, particularly if the micro-habitats 
are sufficiently different. In the light of recent research, 
it is just possible that these differenoes may be attributable 
to direct environmental induction of heritable changes as, for 
example, in Linum usitatissimum (Durrant 1962) or, as in Lolium 
perenne, to the modifying effect of an extra-nuclear component 
(Hayward and Breeee 1968). However, the environmentally-induced 
changes observed by Durrant are peculiar to one variety of flax 
and the findings of Hayward and Breese are not striotly applicable 
to P. lanceolata. L. perenne is extensively reproduced by 
vegetative propagation. Hence the transmission of induced heritable 
extra-nuclear components throughout sucoessive 'generations' is 
a possible strategy for the population to adopt if it is in a 
rapidly changing environment. The induction of heritable changes 
in a readily-cloned plant may be more efficient than the 
exploitation of genetic variability by sexual reproduotion. 
Since P. lanceolata is self-sterile and, in this study, oloned 
plants formed onlY four per oent of the population, it is more 
likely that the phenotypic differences observed are genetio 
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and not environmentally-induced. The plantains investigated 
under cultivation were cloned from small propagules and there 
were oonsiderable changes in the plant size in the different 
environments. The study of the different plantain populations 
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also demonstrated the existence of genetio variability of plant 
size. Comparison of the cloned plants in the different environments 
shows that some characters are heritable and that, in most 
oases, there is both a genetio and environmental component in 
the observed adaptation. Often the genetio differenoes are 
subtle in that they are not absolute but manifest themselves 
as differenoes in response or phenotypio plastioity. The 
greater response to shading of prostrate popu1ations demonstrated 
in iil2, p 13, testifies to the faot that there is probably 
seleotion for phenotypio plastioity as postulated by Bradshaw 
(1965) and this would be a good strategy to adopt in response 
to seasonal variation. Clearly, further study is needed, partioularly 
experiments in whioh the inheritanoe of differenoes through the 
seed is studied, but even so, the weight of evidenoe presented 
above suggests that the underlying differences are genetio. 
The present study was undertaken largely to investigate 
whether genetio differenoes oould oocur in a heterogeneous 
environment on a scale well within the pollen and seed dispersal 
range of a speoies. There appears to be no field data on the 
range of pollen and seed dispersal in P. lanoeolata but this has 
been shown to be very looalised in Phlox (Levin and Kerster 1968). 
Smith (1966) disoussed the theoretical liklihood of sympatrio 
speoiation and Bradshaw (1912) has also argued the feasibility 
of suoh small-soale microdifferentiation. There is oonsiderable 
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evidence of differentiation in parapatric situations. Genetic 
differentiation at abrupt boundaries of habitats has been 
demonstrated most clearly by Bradshaw and his associates (Jain 
& Bradshaw 1966, Aston & Bradshaw 1966, McNeilly 1968; MoNeilly 
& Antonovics 1968; Antonovics & Bradshaw 1970). Gradual changes 
in the environment have been reflected in clinal patterns of 
population differentiation, as in P. maritima (Gregor 1930). 
Snaydon (1970) demonstrated small-scale clinal differentiation 
in!. odoratum. Therefore such differentiation can no longer be 
regarded as unexpected. The most convincing evidence that 
adaptation can be extremely precisely matched to the heterogeneity 
of the environment comes from the work of Snaydon. He showed 
that i) plants of Agpostis canina and Festuca ovina growing 
directly below a galvanised (zinc coated) fence were tolerant to 
enhanced levels of the metal, whereas plants a few inches away 
from the fence were not (reported in Bradshaw, McNeilly & Gregory 
1965); ii) a distance of less than l50mm separated oontrasting 
populations of Anthoxanthum odoratum growing on soils given 
different fertilizer treatments over a period of 50 years at 
Rothamsted (Snaydon 1970). It therefore seems that the pattern 
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of differentiation does indeed follow the pattern of the environment 
fairly closely. In a computer simulation (Dickinson & Antonovics 
1913b) based partly on the field study in this thesis, it was 
shown that this may be the case - a heterogeneous habitat could 
maintain genetiC variability and lead to a significant genotype 
environment correlation if seleotion was sufficiently severe, 
even if there was complete random breeding among the genotypes 
in the habitat. It therefore seemed appropriate to test the 
possibility of micro-differentiation within a putatively random 
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breeding population. Plantago lanceolata was chosen for the reasons 
outlined in seotion'II.l. The use of this partioular speoies 
added another dimension to the study. As has been mentioned above, 
P. lanceolata is very flexible phenotypically' it might be 
expected that the plant may undergo local adaptation purely by 
phenotypic response. For example, Marshall and Jain (1968) 
have shown that Avena fatua and Avena barbata have alternative 
strategies of adaptation, with one species (A. fatua) being 
primarily genetically variable and the other speoies being more 
flexible phenotypically. Clearly, phenotypic and genetic 
variability may play different roles in adaptation depending on 
the scale ot heterogeneity (Lavins 1964). 
The present study shows that in fact microdifferentiation 
within plant populations in response to habitat heterogeneity 
may be oommonplace. The area chosen for the study was not 
particularly extreme. Moreover it is clear that even though the 
species or population may be phenotypically very flexible, it is 
still 'advantageous' for the population to be genetically adapted 
to the niches within its habitat. There may be conflicting 
pressures on the population in this regard. It is probably 
advantageous to be flexible, since individuals once established 
could cope readily with changes in the environments surrounding 
them; the overall genetic load on the population would be less 
and it may be a means of avoiding genetio segregation that could 
break down oharaoter oomplexes. On the other hand, there is 
presumably some cost to being phenotypically flexible. either 
the metabolic efficiency of all-purpose genotypes may be less 
or the time lag involved in response may be too slow to traok 
the environmental changes. Wright (1951) postulated that 
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microdifferentiation would lead to an increased fitness of the 
population as a whole thus favouring genetio adaptation. 
The existence of habitat correlated genotypes is evidence 
that the intensity of selection is very strong. genetio 
variation is found in several charaoters that do not show habitat 
oorrelation. This may be due to selection pressures being 
sufficient to maintain the variation yet not being sufficiently 
severe to establish a correlations in such cases the reasons 
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for the existence of genetic variability may inolude the possibility 
of linkage or developmental oorrelation. In the present study, 
the major environmental factor investigated was vegetation height. 
Phenotypes (and by inference genotypes) differing in their growth 
habit were associated with different species, so biotio interactions 
may also be important. Again it is not clear exactly what 
environmental factors are correlated with the height differences 
observed. there are probably many seleotive influences on the 
population. 
Even if one concentrates on the single factor of height, 
further examination of the results reveals that its action is 
complex. It seems that in low vegetation seleotion operates on 
the seedling stage, resulting in high seedling mortality. In the 
taller vegetation, fewer seedlings become established initially 
but survival is better. In the taller vegetation therefore, 
selection may operate before seedling establishment. Population 
density and seedling establishment are greater in the regions 
of short vegetation, indicating that these areas support a greater 
density of individuals, and that selection is probably not directly 
related to population size. In terms of reproduotion, however, 
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most of the seeds on a total basis and on a per plant basis are 
produced by erect and intermediate plants in the taller vegetation. 
It might be predicted from the seed data that the erect and 
intermediate genotypes would come to predominate in the population, 
but the data provide a reason why this is not the case. The 
density of plants in the different mioro-habitats appears to be 
independently controlled. there are large consistent year to 
year differences in density between the quadrats, population 
control is very precise, and population oontrol is very looalised 
in terms of distanoe. Theoretioal models confirm that a pre-
requisite for miorodifferentiation in a heterogeneous habitat 
is that the population size in the different habitats is controlled 
independently of the seleotive foroes operating (Smith 1966; 
Dickinson & Antonovics 1913a and b). 
Other factors are probably present promoting the micro-
differentiation. There is evidence that gene flow between the 
plants is restricted by differences in flowering time of different 
phenotypes and genotypes differing in growth habit. P. lanceolata 
is self-sterile and largely wind pollinated (Sagar & Harper 1964) 
and therefore flowering time differences would be very effeotive 
in reduoing gene flow. Sagar and Harper (1964) report that the 
period of flowering of P. lanceolata is approximately twelve 
weeks over June, July and August but may finish by early July 
if oompetition is severe. At Lundin Links, the flowering period 
extended for approximately eight weeks but pollen production 
was for only six weeks of that time. A difference of 8.1 days 
between prostrate and ereot plantains at the beginning of anthesis 
(see results iiia, p 71 ) would represent isolation of ~21 x 100 • 
approximately 20% of the plants, which would be important in 
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maintaining the genotypic differences noted in the heterogeneous 
habitat. Differences in flowering time between Anthoxanthum 
odoratum plants situated at the boundaries of the patchy 
environment at Rothamsted have also been observed by Snaydon and 
Davies (1916). It is also known (Sagar & Harper 1964) that older 
plants flower before younger plants. One reason for the earlier 
flowering of the erect plants in the field may be that they are 
older than the prostrate plants. evidence for this comes from the 
fact that turnover in low vegetation, where the plants are 
predominantly prostrate, is higher than in the taller vegetation. 
Alternatively, the differing environmental conditions around 
prostrate, erect and intermediate genotypes may induce the larger 
differences in flowering time observed at Lundin Links. The garden 
population does, however, display flowering time differences, 
though to a lesser extent, indicating either a genetio or permanently 
induoed oomponent in the variation. 
The studies on population turnover strongly support the idea 
of severe selection pressures and indicate the nature of the 
faotors whioh are regulating population size in P. lanceolata. 
These factors seem to aot chiefly but not exolusively at three 
levels. at very low densities availability of seeds may be 
limiting (but this was not demonstrated); at intermediate 
densities the crucial faotor is rate of seedling establishment; 
and at high densities suoh as were normally found on the Lundin 
Link site, interplant oompetition seemed to be the most important. 
It would therefore appear that strong seleotion pressures 
may combine to operate in an ostensibly 'ordinary' heterogeneouB 
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environment, such as dune pasture, giving rise to micro-
differentiation on a very small scale. This study therefore 
contributes to the growing evidence that such microdifferentiation 
in plant populations may be commonplace. 
98. 
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5. Summary and Conolusions 
1. An investigation was oarried out on the morphology and 
response to shading of five discrete populations of Plantago 
lanoeolata. Distinct population differences were found, although 
eaoh population comprised a gradation of phenotypes, from prostrate 
rosettes with shorter leaves and inflorescenoes to erect rosettes 
with larger leaves and inflorescences. The two populations used 
for the response experiment showed differenoes in phenotypio 
flexibility. 
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2. The major investigation was to study miorodifferentiation 
in a population of P. lanoeolata occupying a small area of dune 
pasture, heterogeneous by virtue of different vegetation heights 
and differing vegetation. 
3. The population was found to oonsist of a gradation of 
phenotypes and these phenotypes were oorrelated with the 
environment, prostrate forms with shorter leaves and inflorescenoes 
being assooiated with low vegetation and ereot forms with larger 
leaves and inflorescenoes being associated with taller vegetation. 
When half of the plants were removed to the standard 
environmental oonditions of garden and greenhouse, persistent 
genotype differenoes of leaf length, soape and spike length and 
growth habit were noted. Of these, leaf length and growth habit 
(the two most notioeable phenotypio oharaoters) were still 
oorrelated with the original environment of the plants, thus 
indicating microdifferentiation of the population; some measure 
of phenotypic flexibility was also apparent. 
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4. Simultaneous investigation of the population parameters 
pertaining to the other half of the population left 1n ~ 
revealed some reproductive isolation between the phenotypes -
erect plants flowering before prostrate plants - and the ereot 
plants produced more, larger inflorescences which set more seed. 
5. The population left in situ showed a half life of a 
little over two years. There was a rapid turnover of individuals 
less than six months old, particularly in low vegetation where 
the population was densest, and relatively little establishment 
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of new individuals in tall vegetation, indicating intense seleotion 
pressures operating independently in different habitats of the 
heterogeneous environment. Despite this, population numbers 
remained relatively constant, mortality being matched by 
recruitment, thus indicating precise population control. The 
chanoes of survival of an individual were little affected by 
the season of establishment but l:ere increased in the experimental 
strip where the population density had been reduced to zero. 
6. It was concluded that genetic miorodifferentiation, 
as a result of severe selection pressures operating in a 
heterogeneous environment, may be a common phenomenon in plant 
populations. 
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IlIa Drosophila introduction 
"lJ~organ's) ••• subject for investigation has been a.: 
small parasitic fruit-fly, Drosophila melanogaster, of which it 
has been said that it has been created by God solely as an 
object of heredity research". 
Nordenskj6lda The History of Biology. 
1. Introduction 
For reasons first appreciated by Morgan and endorsed by 
later geneticists, D. melanogaster was used as the experimental 
subject for this attempt to demonstrate sympatric divergence 
in a laboratory population. 
In a series of laboratory experiments with Drosophila, 
Thoday and his colleagues (Thoday 1959, Thoday & Boam 1959, 
Millicent & Thoday 1961, Thoday & Boam 1961, Gibson & Thoday, 
1963, 1964) demonstrated increasing bimodality in a continuouslY 
varying population due to disruptive selection. Selecting for 
'high' and 'low' sternopleural chaeta numbers in each generation 
and even enforcing 50% gene flow between the two lines, they 
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found divergence between 'high' and 'low' lines. Unsuccessful 
attempts to repeat this experiment using different strains of 
Drosophila, (Chabora 1968, Scharloo, van Boer & Hoogmoed 1961, 
Barker & Cummings 1969), have suggested that the response to 
disruptive selection in the face of gene flow is not an automatic 
response to disruptive selection and that additiona.1 genetic 
factors may be involved. In the ensuing controversy, as yet 
unresolved, questions have been raised on the extent of genetic 
variability within Thoday's original stock and on the extent of 
competition between the divergent lines. Scharloo (1971) maintains 
that is is possible that the stock was divergent before the 
experiment began and that disruptive selection merely increased 
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the isolation within the population and did not originate it _ 
a necessity in any demonstration of sympatrio divergenoe. 
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However, Thoday and Gibson (1910) conclude from their experimental 
investigations that given the favourable oonditions of a highly 
variable Drosophila stock, a high heritability of the oharacter 
under selection with some means of frequency dependence of the 
two extremes, divergence under disruptive selection would be 
possible. 
The disruptive selection and the mating schedules in all the 
above experiments were imposed by the experimenters. A more 
naturalistio approach was attempted by Robertson (1966). He 
was not concerned with trying to demonstrate the origins of 
divergence but attempted to demonstrate reproductive isolation 
in a divergent popUlation in a spatially heterogeneous environment. 
A Drosophila population was allowed to adapt to a semi-toxic 
food medium oontaining EDTA. Migration was then allowed between 
this population and the base population - adapted to ordinary 
food - in the presenoe of both foods. No reproductive isolation 
or mating preference became apparent, although hybrids between 
the two populations were not well adapted to either medium. 
Theoretical models of sympatrio divergenoe (see p 3) demand 
that the selection pressures operating on the niches within a 
heterogeneous environment be high and independent of each other. 
In the following attempt to demonstrate sympatric divergence 
within a population living in a heterogeneous environment and 
allowed to mate at random, the disruptive selection was provided 
by two different food media, normal food and normal food plus 
peppermint, which is toxic in high ooncentrations. The flies 
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were not pre-adapted to this peppermint food. Unlike the 
imposed selection in Thoday's experiments, the selection pressures 
in this model were not maintained but would decline as the 
population adapted to the food. The base population was presumed 
to be adapted to the normal food but unadapted to the peppermint 
food. Thus disruptive selection on the population in the 
heterogeneous environment would be provided by a force of 
directional selection on the toxic food and by another force, 
not necessarily directional, on the normal food. 
The flies used in the experiment were CB1 stock, descended 
from one inseminated female caught in Bangor, N. Wales, in 1965. 
This stock has had a relatively short history of laboratory 
culture and Antonovics (pers. comm.), using a recognised teat of 
outbreeding, has shown that sternopleural chaeta number is a 
highly heritable and variable character. 
The major problem presented by the experiment is the 
difficulty of observing divergence within a population when the 
character under selection varies continuously. Flies adapted to 
a toxic food need not look any different from those adapted to 
normal food. As demonstrated experimentally by Ayala (1968) and 
Beardmore, Dobzhansky and Pavlovsky (1960) and theoretically 
by Clarke (1972), a population consisting of different phenotypes, 
each fitted to a different niche in a heterogeneous enVironment, 
would be 'larger' than a monomorphic one. Therefore, in the 
main experiment, the population size (number of emergent progeny) 
in the heterogeneous environment was compared with that of the 
control populationa - an increase in size indicating divergence. 
It became apparent during the experiment, however, that the number 
Ill: Drosophila introduction 
of emergent progeny was dependent not only on the experimental 
variables of the two food media but also on the average weight 
of the flies within the population. This, in turn, was dependent 
on the density of the parental population (Shorrocks 1970). 
Therefore, biomass (number of emergent progeny x average weight 
per fly) represented a better measure of the true 'size' of a 
population in response to the experimental heterogeneous 
situation and was measured in later tests. 
108. 
It was further necessary to the demonstration of sympatrio 
divergence to show that any change in population size in the 
heterogeneous environment was a genetic response and not merely 
an environmental response. Therefore, tests of genetio adaptation 
to both the peppermint food and the heterogeneity were carried 
out. The population was also tested for other evidence of a 
response such as habitat selection. This would increase the 
chance of divergence and reproductive isolation (Smith 1966). 
11112 Peppermint toxioity to Drosophila 
2. The Response of D, melanogaster to peppermint 
In the main Drosophila experiment, the heterogeneity was 
to be provided by the food. A previous small-scale experiment 
on sympatrio divergence (Threlfall, unpubl. data) had yielded 
promising results using a normal food medium (Mittler & Bennett 
1962) and a toxio food medium - this same affar, sucrose and 
yeast food impregnated with peppermint. It was deoided that 
these media should again be used. Preliminary experiments 
were therefore oonducted (1) to find a suitable concentration 
of peppermint and (2) to test the immediate effeot of this medium 
on the flies - the base population with which the main experiment 
was to be started. 
2,1 Investigation of the Toxicity of Peppermint to 
D. melanogaster 
Materials and Methods 
3" x lit vials containing lOml of food medium (Mittler & 
Bennett 1962; see Appendix 2, p 212, for preparation) with 0, 
0.03, 0.04, 0.05, 0.07, 0.10, 0.30, 0.50, 0.70, 0.90 and 1.00% 
peppermint essence added at 600 c were set up with 5 replicates 
of each concentration. (Essence of peppermint B.P.C. - a 10% 
solution of peppermint oil (chief~ menthyl aoetate, menthol 
and terpenes) in 90% ethyl alcohol supplied by Boots Pure Drug 
Co. Ltd. was used.) 
4 females and 2 males from stock CB7 (see Appendix 2, p 213, 
for history and life cyole) were introduced into eaoh of the 
109. 
111.2 Peppermint toxicity, Mortality 
vials, which were then incubated at 25°C. The parents were 
removed after 6 days, deaths being noted. Ether was used as 
110. 
the anaesthetic (see Appendix 2, p 214). The progeny were 
counted each day after emergence until the 23rd day after the 
parents were introduced, that is, until the 12th day after first 
emergence at which time a second generation would begin to emerge. 
Results 
i) Number of emergent flies 
As the peppermint concentration in the food increased, the 
number of flies emerging by day 23 decreased ( correlation 
coefficient r = -0.977, P<O.OOl). In fig. 2la (see Appendix 2, 
table 1, p 215 for data), the number of emergent flies by day 23 
is expressed as a percentage of the flies emerging on 0 peppermint 
food and a regression line is drawn in the range of 0.1 - 1.0% 
peppermint essence inclusively. 
For the main heterogeneity experiment, choice of a suitable 
peppermint concentration necessitated that at least 6a~ production 
of progeny was achieved in order to obtain sufficient flies to 
form a second generation. It was estimated from a probit analysis 
of the results that this produotion would be obtained using food 
containing 0.5% peppermint essence. 
ii) Mortality of parents at 6 days 
The % mortality of the parents increased as the concentration 
of peppermint inoreased until at a level of 1.00% peppermint 
essence all the adults were killed (fig. 2lb and Appendix 2, table 
2, p 216). It is noticeable that the males were more susceptible 
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III:2 Peppermint & life cycle 112. 
to peppermint toxicity than the females. 
It is concluded, therefore, that peppermint has adverse effects 
on both adult flies and on the number of their progeny and that 
the toxic effect of peppermint is directly related to the dosage. 
2.2 Investigation of the Vulnerability of Different Stages 
of the Life Cycle to Peppermint 
Materials and Methods 
Eggs, larvae and pupae were transferred from normal medium 
to 3" x 1" vials containing 0, 0.3, 0.5, 0.7 and 0.9% peppermint 
food. There were 4 replicates of each. 20 individuals at the 
same stage were placed in each vial and incubated at 25°C. 
The vials were scored for the number of individuals surviving 
to the next stage. Vials of the same range of peppermint 
concentrations were also set up with 7 virgin females and 3 males. 
These were scored for the number of eggs laid. The adults were 
at a different density from the eggs, larvae and pupae, since it 
was felt that the vials would be too overcrowded if 20 females 
were used. 
Results 
Increasing amounts of peppermint appeared to have no effect 
on the survival of eggs, larvae and pupae (fig. 22a; Appendix 2, 
table 3, p 217 for data). It can be seen from the survival of 
approximately 100% of the larvae and pupae that they were also 
unaffected by the transfer. The survival of the transferred 
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eggs was not significantly different from that of the larvae 
and pupae, although it was lower over all peppermint concentrations. 
The number of eggs laid by 7 females, however, expressed as a 
percentage of the eggs laid on 0 peppermint food, decreased with 
increasing peppermint concentration (fig. 22b). 
Discussion 
Peppermint appears to have no effect on the survival of 
larvae or pupae since approximately 100% of larvae and pupae 
survived regardless of the level of peppermint to which they were 
exposed. Since the larvae feed actively, peppermint appears not 
to be inhibitory to them at these concentrations. 80% of the 
eggs survived after transfer to peppermint food. Since this 
figure was uniform over the range 0.3 - 0.9% peppermint, it is 
probable that the death of 2~fo of the eggs was attributable to 
damage during transfer rather than peppermint toxioity. The 
lower survival of the eggs at 0 peppermint concentration is 
probably because these were the first eggs to be transferred 
during the experiment and skill was required in handling the 
small, delicate eggs. 
As in experiment 2:1 (p 109), the number of eggs laid by 
the females decreased with increasing peppermint concentration, 
indicating that the peppermint 1) tends to deter the females 
from egg-laying or 2) tends to prevent the flies from mating. 
In this experiment, there was no female mortality, but very high 
concentrations have been shown to be lethal to the adults. It is 
possible that at the lower concentrations used here, the adults 
suffer some distress. Perhaps both of the above factors may be 
involved in reduoing the feoundity of the females. 
III.2 Family response to peppermint 
213 Investigation of the Response of Different Families 
of D. melanogaster to peppermint 
The previous experiments have shown that peppermint 
115. 
adversely affects the productivity of the flies, reduoing fecundity 
of the females. In order to discover whether sufficient 
variability existed in the CB7 stock for the peppermint to elicit 
a selective response, individual families were tested. 
Materials and Methods 
Eight individual families were bred in isolation from 1 
virgin female and 1 male. Vials oontaining lOml medium of three 
concentrations (0, 0.6 and 0.9% peppermint essence) were Bet up 
with 2 virgin females and 1 male from each family, replicated as 
many times as family size would permit. The progeny were counted 
on day 18. 
Results 
The different concentrations of peppermint had a significant 
effect on the yield of the families (from analysis of variance, 
F"" 18.94, P<O.OOl, see table 4, appendix 2, p 218, also fig. 23a). 
There were also significant differences in yield between the 
families (F • 7.23, P<O.OI). On normal food (0 peppermint 
concentration), these differences in yield indicated fertility 
differences between the families and residual effects of these were 
present at 0.6~ peppermint concentration. They were not found at 
0.9% peppermint concentration. The yield decreased with increasing 
peppermint concentration and it may be that, due to the unavoidably 
low number of replicates, (particularly in family 6), the smaller 
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yields at 0.9% peppermint concentration combined with the large 
error factor in the analysis to mask any fertility differences 
between the families (see discussion). 
To separate the fertility differences from the response to 
peppermint, the number of emergent progeny of each family at eaoh 
peppermint concentration was expressed as a proportion of the 
average number of emergent flies of that family at 0 peppermint 
concentration (fig. 23b). At 0.6% peppermint concentration, the 
families were not significantly different from each other in yield 
(F - 0.110). Again, the smaller proportions may have oombined 
117. 
with the large error faotor to maskun&r1ying differences, whioh 
were indioated previously. At 0.9% peppermint ooncentration, 
however, significantly different family yields were found (F • 9.55, 
P<O.Ol) and, therefore, the families differed in the extent of 
their response to peppermint at this conoentration. For example, 
family 1 was less affeoted by the higher peppermint ooncentration, 
with a yield of 38% fewer progeny than on normal food. Family 2 
yielded 89% fewer progeny on 0.9% peppermint food. These two 
families differed signifioantly in their response to peppermint 
but on normal food there were no fertility differences between them. 
Therefore, in addition to variability for fertility differences, 
there appears to be variability for response to peppermint within 
the CB1 stook. 
Discussion 
Significantly different family sizes were obtained on normal 
food, indicating fertility differences between the founder females 
(whioh were sibs). Therefore there was genetic variability 
within the CB1 Drosophila stook for this oharaoter. The signifioant 
11112 Family response to peppermint 
differences between families were also found on 0.6% peppermint 
food though not at the higher peppermint conoentration. The 
extent of replioation of the experiment depended on the sizes 
118. 
of the families produced by the sibs from one female. There were 
approximately 30 flies (males plus females) per family available 
for the experiment. As each replioate required 2 females and there 
were 3 treatments, there were few replicates. Also at 0.9% 
peppermint ooncentration, there were few flies produced in each 
family. Therefore, the statistical error at this oonoentration 
was oomparatively greater than at the lower peppermint conoentrations, 
which would mask underlying fertility differences. 
Inoreasing peppermint conoentrations effectively reduoed 
family size. In general, the results oonfirm the oonc1usion of 
experiment 2.1, namely, the higher the peppermint oonoentration, 
the lower the yield. The largest families on normal food also 
tended to be the largest families on peppermint, e.g. family 1 
was larger than family 2 at each peppermint oonoentration. 
However, when fertility differences were removed by expressing 
yield on peppermint as a proportion of that on normal food, family 
1 yielded 38% fewer progeny oompared with 89% fewer for family 2. 
These widely differing responses are significantly different and 
imply a genetio oomponent. 
Therefore, it has been demonstrated that, within the CB7 
stock, there is genetic variability for fertility on normal food 
and for response to peppermint. 
III:2 Response to peppermint: summary 
2:4 Summary of Preliminary Experiments 
Peppermint in high concentrations (l.~fo peppermint 
essence) was shown to be toxic to adult flies of the CB7 stock. 
At lower conoentrations, it was not neoessarily lethal but 
reduced the yield of the adults. Eggs, larvae and pupae appeared 
to be unaffected by peppermint when transferred to it from normal 
food. It was therefore suggested that lower yields on lower, 
less toxic concentrations of peppermint were brought about by 
the flies being deterred from either mating or egg-laying and 
not from adult mortality. It was demonstrated that, within the 
CB7 stock, there was some genetic variability for fertility and 
also for response to peppermint. As peppermint has been shown 
to reduce fertility, it would therefore provide a suitable 
selection agent for the main investigation. 0.5% peppermint 
food, together with normal food (0% peppermint), was ohosen to 
provide the environmental heterogeneity necessary in the main 
experiment. 
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III.3 Main pepfermint experiment. methods 
3. Study of Sympatric Divergence in a Laboratory Population 
of D. me1anogaster 
Materials and Methods 
The main object of the investigation was to determine 
whether, within a small, random~-mating population of ~. 
melanogaster, sympatric divergenoe could be promoted by the 
heterogeneity of the environment. 
The CB7 stock of flies was used for the experiment (see 
Appendix 2, p ~13 for life cycle) as it had been shown to be 
genetically very variable (Antonovics, pers. comm.). 
The heterogeneity to be experienced by the experimental 
population was provided by two alternative types of food medium. 
The food provides nourishment but is also the medium on which 
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the eggs are laid and in whioh the larvae develop. It is therefore 
a major part of the environment of any Drosophila population. 
The two foods used to provide the heterogeneity were 1) normal 
food, (N),(medium described by Mittler & Bennett, 1962, with 
nipagin instead of propionic acid as a fungicide - see Appendix 2, 
p 212 for preparation), 2) this same food oontaining 0.5% 
peppermint essence, (p). 
The 'population cages' in which the flies were kept, were 
250ml glass beakers, containing 20 small glass tubes of food, 
standing in a polystyrene base, and sealed by a perforated 
polythene cover (fig. 24; see Appendix 2, p 219 for details of 
preparation). 
The experimental design is shown in figs. 25a and b. Four 
treatments, consisting of an experimental regime and three oontrols, 
Perforated 
polythene ~ 
cover 
----'--
Rubber bond -.'1----------..-: 
250ml. ___ ~ 
beaker 
Glass tube 
containing 
food medium 
Polystyrene 
disc 2·6in. 
diam. lit I·Oin. 
depth 
Cl) Lateral view of container b) Position of tubes viewed 
from above 
J'ig. 24 'Population cage' used for main experiment. 
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III.3 Methods 
were oreated by the presenoe or absenoe of peppermint. In the 
experimental situation - the heterogeneous environment (H) -
there were 10 tubes of normal food and 10 tubes of 0.5% peppermint 
food arranged at random within eaoh beaker (see Appendix 2, figs. 
1 and 2, pp 220 - 221 for randomisedfood arrangements). The 3 
oontrols were as follows. 1) normal oontrol (N) - 20 tubes per 
beaker of normal food; 2) peppermint control (p) - 20 tubes per 
beaker of 0.5% peppermint food; 3) homogeneous oontrol (M) - 20 
tubes per beaker of 0.25% peppermint food. The oontrol (M) and 
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the experimental regime (H) oontained the same total amount of 
peppermint, but its distribution was homogeneous in the oontrol (M) 
as against heterogeneous in the experimental situation (H). Ea oh 
of the controls and the experimental regime oomprised 3 replioate 
lines of flies, eaoh line housed in two beakers, whioh were kept 
separate throughout the experiment, whioh lasted for 20 generations. 
The flies were allowed to mate at random within their own beaker. 
20 females (10 per replicate beaker - to minimise inbreeding) 
were transferred at random after 21 days to fresh medium to form 
the next generation. The females were taken off after 6 days. 
Their progeny were oounted on day 18 to measure the yield for eaoh 
generation. After the first 2 genera~ions, the flies reared on 
peppermint looked larger than those reared on normal food. 
Therefore, 150 flies per beaker were weighed together in order to 
obtain a reliable estimate of the weight of an average fly within 
the population. From this value, the biomass within eaoh beaker 
was oalculated for eaoh generation. 
After the first 2 gener~~~pns" the,.genetio and environmental 
'response of the flies from the' experimental regime (H) and the 
111.3 Methods 
3 oontrols N, M and P, was assessed by measuring the population 
size as follows, the main seleotion lines being kept distinot 
from the test situations. 
124. 
Test 1. Yield (number of emergent progeny) at different 
homogeneous peppermint oonoentrations of 0,0.125, 
0.250, 0.375 and 0.500% essenoe to test the initial 
response to peppermint. 
Test 2. Yield (number of emergent progeny) on different 
homogeneous peppermint oonoentrations after being on 
normal food for one generation, to test for the 
extent of seleotion, if any. 
For tests 1 and 2, population size was measured 
as number of emergent progeny but for the subsequent 
tests, biomass was also obtained. 
Test 3. Yield (number of emergent progeny and biomass) at 
different heterogeneity levels (in whioh the total 
amounts of peppermint per oontainer were similar to 
those in test 1 but were distributed heterogeneously) 
to test for the initial response of the flies to the 
heterogeneous situation. (For the arrangement of 
tubes at the t and i heterogeneity levels see 
Appendix 2, fig. 2, p 221). 
In test 3, the normal and peppermint tubes in the heterogeneous 
situations were separated after egg-laying and plaoed in fresh 
oontainers to oompare egg distribution on the two media and to 
separate the progeny for oounting and weighing. By mistake, 
normal and peppermint tubes in the main heterogeneous lines (as 
well as in the test populations) were also separated at generation 
111.3 Methods 
5 and this caused an anomaly (see results p 127). Since the 
separated flies were then at a different density from those in the 
control situations, the results were not comparable. In later 
tests (6 and 7), this was overcome by also separating 10 tubes 
at random from each of the oontrol containers and putting them 
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into fresh containers. After the separation of the tubes in test 
3, dummy tubes,containing no food, were uaed to bring the total 
number of tubes in the fresh container back to 20. This was done 
because the tubes provided pupation sites and it was thought that 
the yield might be affected if the number of pupation sites was 
reduced by half. However, subsequent experimentation revealed that 
this was not the case and that it was not necessary to use dummy 
tubes. 
The lines were maintained until generation 15, when the flies 
were again assessed for genetic and environmental response in a 
series of tests similar to those at the beginning of the experiment. 
Test 4. As test 1 - to assess peppermint tolerance after 15 
generations. 
Test 5. As test 2 - to test whether any response to peppermint 
after 15 generations is a genetic response. 
Test 6. As test 3 - to test response to heterogeneity -
after 11 generations. 
Test 7. As test 3 after 1 generation of lapsed selection to 
test whether any response to heterogeneity is residual 
and probably, therefore, genetic. 
(Tests 6 and 7 were modified in design from test 3, 
as previously recorded). 
The lines were then tested for egg-laying response and the 
11113 Methods 126. 
development of habitat-choice preferences, whioh might have arisen 
during the experiment. 
Test 8. To investigate the number of eggs laid by females 
from the experimental regime (H) and the 3 oontrols 
(N, M and p) after 19 generations of seleotion. 
Test 9. To investigate the possible existenoe of habitat-
choioe preferenoes in the females after 20 generations 
of seleotion. 
111.3 Results: i) Population size 
121. 
Results 
The results of this experiment to investigate sympatric 
divergence within a small population in a heterogeneous environment 
fall into 4 sections. 
i) The population size, measured for 18 generations, of the 
experimental population (H) and the three control populations 
(N, M and p), indicating their adaptation to the experimental 
system in general and providing a comparison between them. 
ii) The results of the tests for adaptation to peppermint 
(tests 1, 2, 4 and 5). 
iii) The results of the tests for adaptation to heterogeneity 
(tests 3, 6 and 1). 
iV) The results of the tests of habitat selection (tests 8 and 9). 
i) Population size 
a) Number of emergent flies 
There was an overall increase in the number of emergent flies 
in the experimental population (H) and in the three controls (N, M 
and p), (fig. 26a; Appendix 2, table 5, p 222). In the heterogeneouB 
population (H) after egg-laying at generation 5, tubes containing 
normal food were separated fr~m tubes containing peppermint food 
and placed in fresh containers by mistake. The total number of 
emergent progeny obtained from the two beakers (>400) was, therefore, 
not comparable with that obtained for the three controls, since 
the flies were at a different density. For this reason, the data 
at this point were not used in the statistical analysis that 
follows. 
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There were large fluctuations in numbers from one generation to 
the next in all four populations. It did appear, however, that 
the M control and the experimental population (H) were not subject 
to such large fluctuations as were the Nand P controls. 
In order to show the underlying trends, a curve was fitted 
through each set of data by curvilinear regression (fig. 26b). 
2 Because of the fluctuations noted above, the R values, which 
indicate the extent to which the data fit the line, are generally 
low (fig. 26b). However, 15% of the data for the heterogeneous 
population (H) fits the curve compared with 25 - 500; for the three 
controls. Of the four populations, therefore, the heterogeneous 
population is less subject to fluotuations. 
The ourves also show that the numbers of progeny in all four 
populations, rose during the experiment to reaoh an optimum at 
generation 11. This ievel was approximately 300 flies for the N 
and M oontrols and the experimental popUlation (H) and 250 for the 
P oontrol. These numbers were not signifioantly different from 
eaoh other at generation 11 (analysis of varianoe. F • 2.41, NS), 
but the numbers of progeny in the P control were oonsistently lower 
throughout the experiment. The increase in numbers from generation 
1 to generation 11 was, however, significant in all oases (table 18). 
Table 18. Results of t-test on number of emergent flies 
Population t l sign. t 2 sign. 
N 4.11 0.05 2.46 N.S. 
M 6.40 0.05 1.55 N.S. 
p 10.55 0.01 0.68 N.S. 
H 5.58 0.05 5.01 0.05 
tl: test between generations 1 and 11, 
t 2• 
" " " 
1 and 18. 
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After generation 11, the number of progeny deoreased in all 
four populations and was still deoreasing at the olose of the 
experiment. The yield at that time was still higher than during 
the early generations but, except for the experimental population 
(H), not significantly so (table 18). 
Comparison of the observed and expeoted population size 
(yield) of the experimental population (H) in fig. 27a shows that 
for the first 12 generations there was a rapid build-up of exoess 
flies in the H population, which was then lost as the numbers in 
all populations decreased. Greater than expeoted numbers of progeny 
were observed in the H population for the most generations, but, 
regressed over all the generations, this was not signifioant. 
The curves found by ourvilinear regression (fig. 270) show these 
results more olearly. The H population and the M oontrol were 
not significantly different from eaoh other (fig. 27b) but the 
yield of the H population was generally greater than that of the 
M control. 
b) Average weight per flY 
The average weight per fly was obtained for each generation 
(except generation 12, when there were technical difficulties) 
for each population (fig. 28a; Appendix 2, table 6, p 223). The 
four populations were not significantly different from ea oh other. 
There were fluotuations in weight from one generation to the next 
but the underlying trends are revealed by curvilinear regressions 
(fig. 28b). Flies reared on peppermint (M and P controls) were 
found to be initially heavier in weight than those reared on 
normal food (N control). Flies reared in the heterogeneous 
environment were initially intermediate in weight between the two. 
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(b) M control. (St a ndard errors in t able 5, appendix 2 , 
p 222. ) 
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The N oontrol flies beoame heavier in weight throughout the 
experiment, although never attaining the weight of the flies in 
133. 
the other controls or experimental population. Flies in the P 
control decreased in weight until generation 11 after which their 
weight remained more or less constant. Flies in the M control 
decreased in weight until generation 11, after which they increased 
in weight, though never achieving their initial weight. Flies in 
the H population remained intermediate in weight between the N 
and P control (not significantly different from expectation) until 
generation 9. They then began to increase in weight, becoming 
heavier on average than any of the other flies from generation 13 
till the end of the experiment. 
It was found by analysis from a subsequent test (test 4; 
Appendix 2, tables lOa & b, p 227) that the average weight of a 
fly is highly correlated with the density of its parental population 
(r • -0.75, P<O.OOl), i.e. the larger the average weight per fly, 
the smaller the population from which it came, regardless of the 
food medium (see fig. 29). Because of this and other density 
effects (see discussion, p 160), the populations all show large 
fluctuations in numbers, which are not always synchronised, from 
one generation to the next. Therefore, biomass (average weight 
per fly x number of emergent flies) represents a more 'reliable' 
measurement on which to judge the effect of the experimental 
treatment on the flies. 
134. 
Fig 29 Relationship of average weight per fly with 
population size. 
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c) Biomass 
When population size was expressed as biomass (total weight 
of emergent flies), it was found that, despite large fluctuations, 
there appeared to be a slight increase throughout the experiment 
for the heterogeneous population and the three oontrols (fig. 
30a; Appendix 2, table 7, p 224). Curvilinear regressions for 
eaoh population gave a olearer picture of the results (fig. 30b ). 
It was discovered, however, that the increase in biomass was linear 
and that ourvilinear regression did not desoribe the data more 
aoourately than linear regression. The data were therefore analysed 
by linear regression, since tests of significanoe are available. 
The inorease in biomass was found to be significant for the N 
oontrol (r • 0.63, P<"O.Ol) and the H population (r • 0.50, P<.0.05), 
but not significant for the P and M controls. Independent t-tests, 
comparing the biomass of generations 3 and 18 for all populations, 
confirmed this result. for N control, t • 4.34, P<O.05J for H 
population, t • 4.88, P< 0.05; for M control, t • 2.40, N.S. and 
for P oontrol, t • 1.79, N.S.. Comparing the biomass of the 3 
controls and the experimental population (H) throughout the experiment, 
P control population was generally the lowest and the M oontrol 
population was initially the heaviest, although there were no 
significant differenoes between the populations. Eaoh of the 
populations showed large fluotuations from one generation to the 
next. This effect was least marked in the heterogeneous population. 
At generation 3, the biomass of the heterogeneous population 
was above expectation and the difference between the observed and 
expected biomass increased rapid~ (fig. 3la). After generation 
I), however, the biomass decreased but was general~ in excess of 
136. 
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expectation. The biomass of the M oontrol was higher than that 
of the heterogeneous population until generation 7 (fig. 3lb ). 
The biomass of the heterogeneous population then exoeeded that of 
the M oontrol until generation 14. There were, however, no 
signifioant differences in biomass between the two populations 
over 18 generations. 
S~m~y 
As common~ found in Drosophila experiments, there were large 
fluctuations in the numbers of emergent progeny in eaoh population 
from one generation to the next. All four populations showed a 
rapid increase in numbers and, in the heterogeneous population, 
the numbers exceeded expectation, the difference between the observed 
and expected numbers gradual~ inoreasing until generation 12. 
Because the number of emergent flies is, to some extent, dependent 
on density effects within the population, it was important that 
these should be minimised so that the populations could be oompared 
with respect to the variables in the heterogeneous enVironment, 
the foods. When the biomass of eaoh population throughout the 
experiment was compared, (1) the flies reared on normal food showed 
increased adaptation to that food by a steady, significant increase 
in biomass, (2) the flies reared on peppermint (either 0.25% or 
0.50% essence) showed no signifioant inorease in biomass and, 
therefore, no adaptation to peppermint; (3) the heterogeneous 
population increased signifioantly in biomass and, for the greater 
part of the experiment, the biomass exoeeded expeotation. In 
particular, the differenoe between the observed biomass and 
expectation increased steadi~ from generation 3, when first 
measured, until generation 12. 
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ii) Tests for adaptation to peppermint 
Tests 1, 2, 4 and 5, were designed to reveal to what extent 
any apparent improvement in population fitness (shown by increased 
population size) was genetic or a purely environmental response. 
The detailed results are presented in Appendix 2, tables 8, 9, 
lOa & b, lla & b, pp 225 - 230. Measurements of biomass were not 
• 
obtained for tests 1 and 2. 
a) Test 1 - Yield on peppermint after 2 generations 
Tests were carried out on a range of 0%, 0.125%, 0.250%, 
0.375% and 0.500% peppermint essence. The four populations (N, M, 
P and H) showed an overall decrease in numbers of emergent progeny 
with increasing peppermint concentration (fig. 32a). In all four 
populations, fewer progeny were obtained on normal food than on 
0.125% peppermint food. 
Flies from the P control population did not yield more progeny 
than N control flies on peppermint food (0.500% essence). Hence 
there was no adaptation to the peppermint at this stage. The 
population size of the heterogeneous population (H) was generally 
greater over all peppermint concentrations. When the results 
are expressed as % reduotion from the performance on normal food 
(fig. 32b), this population was the least affected by the different 
amounts of peppermint. The flies reared on normal food for 2 
generations (N control) were less productive on peppermint than 
the flies reared on peppermint (p control), though not significantly 
so. 
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b) Test 2 - Yield on peppermint after I generation of 
lapsed selection on normal medium 
There was no evidence of any genetic response to peppermint 
being built up over the first 3 generations. Figs. 33a & b show 
an overall decrease in numbers of emergent progeny with increasing 
peppermint concentration for each of the 3 controls and the 
heterogeneous population. Comparing these 4 populations.after 1 
generation of lapsed selection on normal food, flies from the P 
oontrol population produced less offspring on peppermint than did 
flies from any other population. Therefore there appeared to be 
no response to peppermint at this stage of the experiment. 
0) Test 4 - Yield on peppermint after 15 generations 
141. 
There was no evidence of any genetic response to peppermint 
after 15 generations of selection. Fig. 34a shows that the numbers 
of emergent flies in the 3 control populations and the heterogeneous 
population decreased as the amount of peppermint increased. The 
biomass of the 4 populations (fig. 34b) shows little ohange with 
increasing peppermint ooncentration. Population size (both in 
biomass and numbers) of the flies in the heterogeneous environment 
was the least affected by different ooncentrations ot peppermint. 
Flies of the M control produced many more flies than those of other 
controls over the intermediate range of peppermint concentration, 
indicating a possible response to selection in this control. 
Comparison with test 1 (fig. 35) reveals that greater numbers 
of progeny were being produced by all the populations after 15 
generations of selection, partioularly on normal food (0 peppermint) 
and on low concentrations of peppermint. After 15 generations, 
however, there was little change in the numbers produced on 0.5% 
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selection. (Standard errors in table 9, appendix 2 , 
p 226 . ) 
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peppermint and there was no differenoe between the Nand P oontrol 
populations at this oonoentration. 
d) Test 5 - Yield on peppermint after 15 generations of 
seleotion and 1 generation of lapsed seleotion on 
normal medium 
The trend of deoreasing popUlation size (numbers and biomass) 
with increasing peppermint oonoentration was again observed in 
all 4 populations (fig. 36). The superiority of the M oontrol 
over the intermediate range of peppermint conoentrations was lost. 
Flies reared on peppermint (p oontrol) produced fewer progeny on 
peppermint than those reared on normal medium (N oontrol). 
Summary 
Comparison of the results of the early tests (1 & 2) and the 
later tests (4 & 5) shows that no measurable genetio adaptation 
to peppermint occurred over 15 generations of seleotion in 
populations reared on peppermint medium. There was an inorease 
in the yield produoed by the 3 oontro1s and the heterogeneous 
population at eaoh peppermint ooncentration. An improvement in 
the response of the M oontrol population to low concentrations 
of peppermint was observed but this effeot was lost after one 
generation on normal medium, suggesting an environmental rather 
than a genetic response. 
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1ii) Tests for adaptation to heterogeneity 
Test 3 (on generation 5) and tests 6 and 7 (on generations 
17 and 18), were designed to discover whether adaptation to 
heterogeneity had arisen during the experiment and whether any 
response might be heritable. The detailed results are given in 
Appendix 2, tables 12, 13 and 14, pp 231 - 235. The results of 
each test are shown graphically in the text in the form of 
Replacement Series Graphs for eaoh population (after De Wit 1960). 
This analysis, normally used for competition experiments, was 
147. 
used to indicate to what extent the two foods in the heterogeneous 
environment contributed to the resultant size of eaoh population 
(numbers of emergent progeny and biomass). The numbers (or biomass) 
emerging from each food,and their totals,were plotted against 
the frequency of each food in the environment. The graphs were 
also plotted as ratio diagrams on a log-log soale, the log of the 
ratio of the numbers emerging from each food (pIN) being plotted 
against the log of the ratio of the food frequencies (pIN) within 
the environment. See Appendix 2, p 236, for some theoretical 
graphs and their interpretation. 
a) Test 3 - Response to heterogeneity before selection 
When tested in the heterogeneous environment with the 2 foods 
available in different proportions, (15N • 5P (Hi), ION. lOP (H!), 
5N • 15P (ai», the 3 control populations,(N, M and p), and the 
heterogeneous population (H) yielded greater-than-expected numbers 
of progeny (fig. 37). Biomass was not recorded for ,this test. 
The peak produotivity at Ht , i.e. when equal amounts of normal 
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and peppermint food were available, was shown by all the populations 
and may be partially exaggerated. The normal- and peppermint-
containing tubes only in the Ht test situation were separated 
after egg-laying and not those of the controls (see p 124 for 
explanation). Therefore the larvae in these separated tubes were 
at a lower density per container than those in the other test 
situations (20N lOP, 15N I 5P, 5N I 15P and ON I 20P). However, 
by extrapolation of the results on 20N s OP and 15N I 5P and also 
on 5N I 15P and ON I 20P, a peak at Ht (ION I lOP) was probable 
in all cases, and may be higher for the heterogeneous population (H). 
It should also be noted that the yield on normal food (20N.OP) 
was greater than on peppermint (ON I 20P),in the ratio of 
approximately 1.3N I lP, for the M and P controls and the hetero-
geneous population (H), (1.5N I IP for the N control), refleoting 
the results of tests.l, 2, 4 and 5, reported previously, pp 139 - 145 
The interpretation of the De Wit diae:ams is, therefore, that, 
at the start of the experiment, the 3 control populations and 
the heterogeneous population show more adaptation to normal food 
than to peppermint and, in addition, show a positive response to 
the heterogeneous situation. 
b) Test 6 - Response to heterogeneity after 17 generations 
When the control populations (N, M and p) were tested for 
response to heterogeneity after 17 generations of selection in 
a uniform environment, the total number of emergent flies was 
greater than expectation in the heterogeneous test situations, as 
in test 3. (Compare total population size with expected population 
size in fig. 38a). Expressed as biomass, with which there is no 
comparable figure in test 3, this same result was obtained (fig. 38b) 
and would indicate that the initial response of a population to a 
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heterogeneous environment is a population size exoeeding 
expectation. (See also results i, fig. 31, p 131, where the biomass 
of the H population exceeds expectation early in the experiment.) 
However, a very different result was obtained for the 
population reared in the heterogeneous environment for 11 
generations, i.e. the H population. All replicates showed a 
significant deficit of flies, both in numbers and biomass, for 
the ION I lOP test situation, compared with the yields in the 
test controls (20N lOP, ON I 20P). Although replicates within 
treatments (Appendix 2, tables l3a & b ) for all tests generally 
varied too much to allow any quantitative conclusions to be drawn, 
the decreased yield of the H population in this test was shown 
markedly by all the replicates (X--. 61.1, P<O.OOl). It should be 
remembered that in results i, fig. 31, p 131, showing population 
size over successive generations, biomass of the H population 
began to decrease from generation 13 and was oooasionally below 
expectation. 
The peppermint (p) and half-strength peppermint (M) oontrols 
yielded more flies on normal than on peppermint food, in the ratio 
1.3N I lP, whioh is oomparable to that in test 3, indicating no 
ohange in adaptation to normal food during the experiment in these 
oontrols. The N oontrol population, however, yielded many more 
progeny on normal food than on peppermint,(4N lIP), indioating 
a change in adaptation to normal food within this oontrol. (See 
also results i, fig. 30, p 1)6, where the N oontrol showed a 
steady, signifioant inorease in biomass throughout the experiment.) 
The ratio diagrams (fig. 39) show that normal food generally 
oontributed greater numbers and biomass to the resultant population 
than the peppermint food. The proportion was greater for the N 
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control population, whatever the proportion of the two foods, 
than for the P and M control populations and this indicates a 
greater adaptation to the normal food within the N oontrol, i.e. 
evidenoe of direotional seleotion. In the peppermint (p) control, 
however, there is evidence that, although not fully adapted to 
peppermint in terms of inoreased yield on peppermint, the flies 
could disoriminate between normal and peppermint food. In this 
control population (p), the relative amounts of biomass oontributed 
by the two foods were not in direct proportion to the amounts of 
food provided. When peppermint food was soarce in the heterogeneous 
environment, a greater proportion of the resultant population was 
contributed by the peppermint food. When normal food was scaroe, 
it contributed a greater proportion to the resultant population in 
the P oontrol. This is to be expeoted as the flies always appeared 
better adapted to the normal food. The heterogeneous population (H) 
also responded to the heterogeneity by an overproduotion of flies 
in the minority habitat, and this indioated the development of 
habitat seleotion within this population. 
c) Test 1 - Residual response to heterogeneity after 
lapsed selection 
When exposed to a range of heterogeneities after one generation 
of lapsed seleotion on normal medium, the N and M oontrol populations 
yielded greater-than-expeoted numbers of progeny and biomass in 
the heterogeneous situations (see Replaoement Series Graphs, figs. 
40a& b). This result is comparable to that of test 6 for these 
populations. The P oontrol population yielded fewer progeny and 
lower-than-expeoted biomass in the ION. lOP heterogeneous test 
environment. Interpretation of this result is difficult as flies 
from this population had been subjected to peppermint for 11 
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Fig. 40 Results of test 7 - yield on a range of heterogeneity 
after 17 generations of selection and 1 generation 
of lapsed selection. (Standard errors in table 14, 
appendix 2, p 234.) 
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generations, normal medium for 1 generation and then heterogeneity. 
The H population yielded more flies (numbers and biomass) in the 
heterogeneous situation (ION I lOP) than in test 6, but, taken 
over the three different heterogeneity levels, the yield was still 
less than expectation. At 5N I l5P heterogeneity level, fewer flies 
than expectation were produced. 
The results are shown more clearly by the ratio diagrams (figs. 
4la, b, c & d). The overproduction of flies in the minority 
habitat, noted in test 6, persisted for flies in the heterogeneous 
(H) population but was not so marked for flies of the P control 
population. 
Summary 
The initial response to heterogeneity, shown by all 3 controls 
and the H population, was to yield a population size in excess of 
expeotation. After 11 generations of selection, this response 
was still given by the 3 controls but the yield of the heterogeneous 
(H) population (both in numbers of emergent progeny and biomass) 
was significantly less than expectation. This persisted after a 
generation of lapsed selection, implying that it was a genetic 
response to the heterogeneity. Analysis of tests 6 and 1, by 
ratio diagrams, revealed that for flies selected in a heterogeneous 
environment there was an overproduction of flies on the minority 
habitat. This indicated discrimination and food choice by the flies 
and persisted after a generation of lapsed selection, suggesting 
that it was a possible genetic response to the heterogeneity. 
There was also evidence of discrimination and food choice by flies 
selected on peppermint, though it was not a persistent effect. 
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iV) Tests for habitat selection 
a) Test 8 - Production and distribution of eggs on 
the different foods after 19 generations of selection 
Females from each of the main selection lines of the experiment, 
H, M, P and H, were tested for egg-laying performance on the 
food on which they had been reared. The results, detailed in 
Appendix 2, table 15, p 240, are summarised in the following table. 
Table 19. Egg=laying performance 
N 
Average no. eggs laid 
by 20 f~ reared on the 299.5 
indicated food for 19 
generations 
Treatment 
M P H 
306.4 228.0 310.3 
Within het. envt • 
of H popUlation 
RN HP 
53.0 
The numbers of eggs laid by females from the different main 
selection lines were not significantly different from each other, 
(Student's t tests t = 2.55 between Hand P lines), although fewer 
eggs were laid by the females of the P control popUlation. 
Comparing the number of eggs laid on Nand P food,within the 
heterogeneous environment, by females from the H population, 
significantly more eggs were laid on normal (266 eees) than on 
peppermint food (53 eggs), i.e. 5N • lP, ( t • 8.5, P<O.OOl). 
Comparison with the number of eggs expected on these foods 
(oaloulated from the controls) showed that a significantly greater 
number were laid on normal food ()(I • 89.9) and a number less 
than expectation laid on peppermint food (XJ.. 32.6). 
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b) Test 9 - Habitat seleotion 
At 20 generations, the flies were tested for any habitat 
preferenoe which might have evolved in the flies subjected to the 
heterogeneous environment. Extra beakers of N, M, P and H 
treatments were set up from the main lines of generation 18, as 
shown in fig. 25, P 122. HP and RN tubes were separated after 
egg-laying in the H test treatment and ineaoh of the N, M and P 
oontrols, 10 tubes were separated at random at that time. In test 
9, the females emerging from these separated tubes were tested on 
N, M, P and H food, separation of the tubes after egg-laying 
oocurring as before. The results are given in table 20, whioh 
shows the oombined total number of emergent flies from the 
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separated tubes of N, M, P and H test treatments, but also gives 
the separate totals for flies emerging from the Nand P food within 
the H treatment (HN and HP respectively). 
Table 20. Distribution of emergent flies after 20 generations 
of seleotion 
Medium upon whioh ~~ were reared 
Test treatment N M P H 
HN HP 
N 446.3 388.3 449.0 465.3 439.5 
M 366.0 394.7 389.0 460.3 
p 337.0 352.3 364.7 375.3 355.5 
H 403.7 382.0 411.0 387.0 321.5 
(RN) 255.7 214.3 233.0 219.7 99.5 
(HP) 178.0 167.7 178.0 167.3 222.0 
Ratio test 
treatments N 1.3.1 1.3.1 1.3,1 1.311 1.3.1 
&: P. 
Ratio .on N &: P 1.4.1 1.3.1 1.3.1 1.3.1 0.4.1 
foods in H 
treatment. 
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Comparison of the total number of emergent flies from the N 
and P test treatments, where no choice of egg-laying medium was 
given, shows that a ratio of 1.3N I lP was obtained within every 
line, regardless of the medium on which the mothers were reared. 
The number of flies emerging from the M test treatment was, in all 
cases, intermediate between the numbers on the Nand P test 
treatments. Where the females were confronted by a choice of egg-
laying medium as in test treatment H, flies from the control 
lines N, M and P, responded as when no choice was given. The 
numbers of emergent flies from HN and HP tubes were in the ratio 
1.3 I 1 respectively. Flies reared on normal medium within the 
H line (HN females) also responded in the same way, a ratio of 
1.3N I IP being obtained within the H test treatment. However, 
those flies reared on peppermint medium within the H population 
(HP females) responded very differently, more flies emerging from 
peppermint food than from normal food in the H test treatment 
(p ~ 0.001). The preliminary experiment 212, p 112, showed that 
eggs once laid survived equally well on either food. Assuming 
this to be the case after 20 generations of selection, the result 
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of test 9 indicates that a choice of food medium for egg-laying 
sites was being made by at least the HP females in the heterogeneous 
environment. 
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4. General Disoussion 
i) Adaptation to the experimental system 
Ayala (1968) suggested that a genetioally variable population, 
when first subjeoted to an environment in whioh resouroes of 
food and spaoe are limited, would inorease in numbers and/or 
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biomass by exploiting all the niohes within the environment and 
reduoing intraspeoific oompetition between the members of the 
population. Suoh adaptation was observed in the present experiment. 
Prior to the experiment, the flies were kept in bottles containing 
60ml food. Under experimental oonditions, the flies were kept in 
250ml beakers oontaining on~ l3.2ml of food distributed in 20 
small tubes. Therefore there was a limitation of food and space 
whioh the flies had not previous~ enoountered. During the 
experimsnt, in the three oontrols and in the experimental population, 
there was a rapid increase in population numbers and biomas8 for 
the first four generations. This would indioate that the flies 
were exploiting and adapting to their new environment - the type 
of oontainer, the distribution of food, external faotors within 
the inoubator and oompetition due to differing population densities. 
It is also evidence of genetio variability within the stook. 
Large fluotuations in numbers, from one generation to the 
next, were noted during this period and throughout the experiment. 
This was probably due to two different density effeots operating 
within the populationsl firstly, the higher the density of adults, 
the lower the average weight of their offspring beoause of the 
limitations of food and spaoe (p 133); seoondly, the smaller the 
female, the fewer offspring she produoes. These two faotors are 
probably the oaUse of the large fluotuations in n~~bers from one 
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generation to the next, however constant the environment. Therefore, 
a large population of small flies would be followed by a smaller 
population of larger flies (Shorrooks 1970). In addition to these 
effects, as the density of the adults inoreases in a limited 
environment, so there is higher mortality of their offspring at 
all stages of development. When females are adapted to egg-laying 
on a medium, they tend to lay large olusters of non-randomly 
distributed eggs, laying them where other females have laid theirs 
(Manning, pers. oomm.). High mortality of the eggs oould be oaused 
1) by the females trampling on the eggs alrea~ laid or 2) by 
oompetition between the densely-paoked eggs for resouroes at the 
larval and pupal stages. Therefore, as adults become better 
adapted to an environment and lay more eggs, the population numbers 
may reach an optimum, refleoting the limits of the environment 
on the population size. 
By generation 10, all 4 populations had inoreased signifioantly 
in numbers and an optimum population size of approximately 300 
flies had been reaohed by the normal oontrol (N), the half-strength 
peppermint oontrol (M) and the heterogeneous population (H). 
This size of population was never attained by the peppermint 
oontrol (p) (see p 129). However, its optimum population size of 
approximately 250 flies was reaohed at about the same generation 
and the 4 populations were not signifioantly different from eaoh 
other in size. Sinoe this optimum was at a lower level and the 
size of the peppermint oontrol population was lower than that of 
.the other 3 populations on a signifioantly greater number of 
oooasions, it is suggested that, for some reason, e.g. desiooation, 
the peppermint food was inoapable of sustaining greater numbers 
of flies SO that the limiting density of the adult popUlation on 
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peppermint food was lower. 
The population size of all 4 populations was not maintained 
but deoreased in suooessive generations after generation 12. 
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The populations did not fall to their initial levels during the 
length of the experiment but were no longer signifioantly different 
from them. As this effeot was shown by all 4 populations, it 
oould be suggested that this deorease in numbers was due to 
inbreeding depression in the CB1 stook. Ford (1912), investigating 
eoologioal divergenoe between oompeting populations of the same 
stook of flies, also found a reduotion in population size after 
10 generations. He attributed it to a high degree of inbreeding 
caused by bottleneok effects in the laboratory oulture together 
with inbreeding arising during the experiment, in whioh only 10 
pairs of flies were carried over to form suooessive generations. 
In the above experiment however, the laboratory stook might not 
have been as inbred as Ford's, since the experiment was begun two 
years earlier. On the other hand, 20 mated females were used to 
found suooessive generations and the populations averaged only 
about 150 females - muoh smaller than those of Ford. Consequently, 
there may have been a degree of inbreeding during the experiment 
although steps were taken to minimise it. Eaoh population was 
housed in two population oages and suooessive generations were 
founded with 10 females taken from eaoh. Latter and Robertson 
(1962 ) found that a strong direotional seleotion oombined with 
inbreeding increases the rate of inbreeding depression. Therefore, 
as there appeared to be little seleotion pressure operating on the 
peppermint food and a comparatively stronger seleotion foroe 
operating on the normal food (see pp 139 - 155), it might be 
111.4 Drosophila discussion 
supposed that inbreeding depression would first appear in the 
normal control population, but this was not found. On the other 
hand, this could be explained if the extent of inbreeding in the 
peppermint control population were relatively greater because the 
population size was generally smaller. However, these 
considerations take only the numbers of flies into account. 
When the biomass of the four populations was compared, no 
reduction in yield was found. The normal control (N) and the 
heterogeneous population (H) increased significantly in biomasB 
throughout the experiment and the half-strength peppermint (M) 
and the peppermint (p) controls remained relatively unchanged -
a non-significant increase in biomass being observed. This 
inorease in biomass, in the Nand H populations, oould be due 
163. 
to the deorease in numbers, resulting from inbreeding depression, 
giving rise to less dense populations and, therefore, inoreased 
resouroes of food available to individual flies in these populations. 
This oould imply that the effect of inbreeding depression was 
predominantly at a pre-emergence stage. Information On the 
numbers of eggs laid by the females would have revealed whether 
the deoline in numbers was due to inbreeding depression (fewer 
eggs being laid) or whether it was a density effect. However, it 
was not possible to obtain suoh information in this experiment. 
By day 6, when the females were removed, some of the eggs laid on 
normal food would have already developed into larvae whereas 
those laid on peppermint would not. In future experimentation, 
the females oould be removed a day earlier, enabling egg counts 
to be made. 
Although inbreeding depression, resulting from increased 
homozygosity in the population, might give rise to a decrease in 
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numbers, it does not affect the 'fitness' of the individual when 
only the food to which it is adapted is available. Whatever the 
reason for the decrease in numbers, the biomass increased on the 
normal food and in the heterogeneous environment over several 
generations and would indicate an improved adaptation to those 
oonditions. 
ii) Non-adaptation to peppermint 
One of the results of the experiment is the apparent inability 
of the CB7 stock of D. melanogaster to adapt genetical!y to 
peppermint. This failure after 15 generations of selection poses 
two questions. 1) Was the original stook Bufficient!y genetically 
variable? 2) Was the peppermint aoting as a seleotive agent? 
It is difficult to assess whether suffioient genetio 
variability to cope with peppermint resistanoe existed in the 
CB1 stock. The stook was chosen because its history suggested 
it would be relatively outbred and Antonovios (pers. comm.) showed 
that it was genetically variable for sternop1eural chaeta number. 
Signifioant family differenoes in fertility were found in experiment 
2.3 (p 115) and, more importantly, there was evidence that the 
families differed in their response to peppermint. However, 
genetic variance for response to peppermint appeared to be low, 
particularly in relation to genetic variance for overall yield. 
This is borne out by changes in overall productivity in all 
environments in the main experiment. In addition, the high density 
conditions of the experiment may have precluded the development 
of peppermint resistance if this in any way affected the viability 
of the flies. 
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Throughout the experiment it was generally observed that the 
yield on peppermint was lower than on normal food. Flies reared 
on peppermint for 15 generations did show an increased yield (test 
4, p 141) but this disappeared after one generation of lapsed 
selection (test 5, p 145). Therefore the CB7 stock failed to 
adapt genetically to peppermint - a toxio substanoe. However, the 
peppermint concentration used in the experiment was not toxio to 
the adult females but oaused them to lay fewer eggs (experiment 
212, p 112). It was not possible to use highly toxic oonoentrations 
sinoe it was neoessary to ensure the production ofa population 
of more than 50 flies in all the population cages to maintain 
the same density (20 females) of the founder popUlation in eaoh 
generation. Therefore, it might be supposed that the selection 
pressure imposed by peppermint in the experiment would be less than 
directional selection imposed on the adults by toxicity. The 
oorresponding adaptation to peppermint, shown as an increase in 
yield, would be slow to build up in the population. 
Adaptation to peppermint might have shown itself in ways other 
than an inorease in population size. Peppermint appeared to 
retard the development of the life-oycle by 1-2 days (pers. comm.) 
but the effect of peppermint on the physiology of the flies was 
not investigated. The egg-laying performanoe of individual flies 
reared on peppermint was tested (tests 8 and 9, pp 157- 159) and 
found to be not significantly different from that of flies reared 
on oonventional food when both were tested on normal food. Flies 
reared on peppermint, however, were larger in size than those 
reared on normal medium and the better feoundity of the peppermint 
females on normal medium in test 6 might be attributable to this. 
A highly significant oorrelation did exist between the density of 
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a population and the weight of the flies in it, regardless of the 
type of food (p 133), and since the populations on peppermint 
were generally at a lower density, it is probable that the size 
effect was not an adaptation to peppermint. 
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It was suggested that the reduotion in the numbers of progeny, 
caused by peppermint, was due to the females being deterred either 
from mating or from egg-laying (p 114). Which of these behavioural 
responses was the more likely was not investigated but would be 
of interest for future researoh. As peppermint at low oonoentration 
appeared to affeot the behaviour of the flies, it is possible 
that adaptation to peppermint would be shown by a behavioural 
ohange in the females, suoh as the development of a preferenoe for 
peppermint for egg-laying sites, 'phenotypio flexibility'. Given 
seleotion over many generations, it is probable that any 8uoh 
behavioural response would have a genetio oomponent, although it 
might be slow to evolve. The peppermint oontrol (p) did not 
experienoe conditions in whioh suoh a behavioural ohange oould be 
deteoted until generation 17. When oonfronted with a ohoioe of 
food in tests 6 and 7 (pp 149, 153), there was an overproduotion 
of flies from the minority habitat, indioating that the females 
were disoriminating the foods and ohoosing peppermint when it was 
in short supply. This persisted after a generation of lapsed 
selection, implying a genetio oomponent. However, when equal 
amounts of normal and peppermint food were available to the 
peppermint oontrol population (test 9, p 158), the normal food 
was preferred and there was no evidence of a behavioural ohange 
in response to peppermint. Therefore, the results were inoonolusive. 
For future experiments on sympatrio divergenoe, it might be 
better to employ a different substanoe to provide a foroe of 
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directional selection in the heterogeneous environment. Many 
instances of selective resistanoe to different toxio SUbstances 
have been reoorded, e.g. EDTA - (Robertson 1966), NaCl -
(Waddington 1959), and the physiologioal effeots of these 
substances on the flies are well-dooumented. 
iii) Adaptation to the 'normal' food 
It was assumed that the CB7 stook of Drosophila was fully 
adapted to the normal food because the flies had been living on it 
in laboratory oulture. However, there is evidenoe to suggest that 
there was an improvement in genetio adaptation to normal food 
during the experiment. 1) It was found in preliminary experiment 
2.3, p 115, that the CB7 stock was highly variable for fertility 
differenoes on normal food. 2) At the end of the main experiment, 
the N control population was signifioantly greater in biomass than 
at the start and this was the result of a steady increase from 
one generation to the next (fig. 30, p 136). 3) As an incidental 
result from the test for response to heterogeneity (test 6, p 149), 
a.much greater yield on normal food than on peppermint food was 
produoed by the N control population (4NIIP) than by the two 
peppermint control populations, M and P, (1.3N.lP). These latter 
populations did not differ in their response from that in the 
earlier test 3 (p 141), when the yield on normal food compared with 
that on peppermint food was in the ratio of 1.3N.IP. The N 
control population in test 3 yielded population sizes in the ratio 
1.5N.IP. Although the N oontrol population was not tested for 
yield on normal food after a generation of lapsed seleotion on 
another food, which in future experiments would be desirable, it 
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would not be unreasonable to suppose that the flies were 
responding genetioally to some factor of seleotion provided by 
the normal food. 
It is possible that this response could have been elicited 
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by a ohange in the oonstituents of the food. The normal food at 
Stirling, based on Mittler and Bennett's (1962) recipe, incorporated 
nipagin as a fungicide instead of propionio aoid, whioh may have 
been used when the flies were originally oultivated at Bangor. 
However, the flies had been living on the food for several 
generations prior to the experiment and nipagin is not known to 
have any toxio effects. An alternative explanation is more 
probable. The populations living on normal food were generally 
larger in number than those living on peppermint (p control) and 
therefore more dense. If the flies were well adapted to the 
normal food, there would be a greater number of eggs laid and, 
consequently, high mortality of the pre-emergenoe stages of the 
life cyole (see disoussion, p 161). Under these oiroumstances, 
there might well be seleotion for those individuals better able 
to withstand the effects of overcrowding. The improved adaptation 
shown by the population living on normal food might reflect a 
genetic improvement in oo-existence. 
iV) Adaptation to the heterogeneous environment 
a) Initial response of populations to heterogeneity 
The initial response of the 4 populations to heterogeneity 
was a yield greater than expectation, both in numbers and biomass 
(see figs. 23 and 24), irrespective of the food on which the flies 
were reared. This environmental response is perhaps not surprising 
sinoe it is probably unjustifiable to assume that the media are 
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independent of each other and that the expected yield is the mean 
of the yields on normal and peppermint medium alone. For example, 
it is probable that flies on normal food were subject to high 
larval mortality whereas flies on peppermint food were deterred 
from egg-laying. Larval mortality resulting from high larval 
density on normal food would be reduced by some of these larvae 
crawling to the peppermint food with a lower larval density and 
where they can readily survive (preliminary experiment 2.2, p 112). 
Hence the yield in the heterogeneous environment would be greater 
than expectation. 
b) Population size over successive generations in a 
heterogeneous environment 
169. 
The experimental population (H) showed the initial environmental 
response seen above, i.e. a yield greater than expeotation, when 
first put into a heterogeneous environment. However, while 
experiencing heterogeneity over successive generations, the yield 
of this experimental population continued to increase steadily 
above expectation until generation 10 (fig. 31, p 131). It is 
possible that this represents genetio adaptation to the heterogeneous 
environment and it is the predicted result of this experiment. 
Genetic adaptation of a population, limited in resources, may be 
revealed by an increase in produotivity (Ayala 1968) and Threlfa11 
(unpubl. data) in a similar experiment also noted such an inorease 
in yield. Ford (1972) found that genetio change in oompetitive 
ability between the niohes in a two-niohe situation may give rise 
to an increase in population size. Equally, however, this increased 
yield may have been a continuation of the environmental response. 
It did not persist and by the end of the experiment, the population 
size and biomass in the heterogeneous environment were less than 
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expectation. The individual flies~ however, did inorease 
significantly in size throughout the experiment, whereas those 
of both peppermint controls (p and M) did not (p 133). Flies in 
the N control population also increased significantly in size and 
this would suggest that the exploitation of and adaptation to the 
heterogeneous environment could be due to all, or part, of the 
population improving in response to the normal food. 
c) Population stability in heterogeneous environments 
170. 
Another effect of the heterogeneous 'environment was to endow 
the population with greater stability. There are periodio 
fluctuations in yield from generation to generation in all the 
populations but these were not so marked in the heterogeneous 
environment. Sinoe these fluotuations are largely in phase, they 
probably represent cultural and/or environmental variations. A 
similar effect was found by Shorrooks (1970). He suggested that, 
when there were fluctuations in numbers despite a constant 
environment, the regulation of popUlation size may be due to 
density effects acting on the females. A generation in which 
adults are overcrowded and probably smaller in size may be followed 
by a population of larger flies much reduced in number because of 
low fecundity of the females or high egg mortality (see discussion 
p 161). The ability of the experimental population to withstand 
these effects may result from a differential response of the sub-
populations on the two media in the heterogeneous environment 
having an overall dampening effects e.g. the egg and larval densities 
in the two media may be different and any effects interacting 
with density may be out of phase in the two media. 
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d) Genetio adaptation to a heterogeneous environment 
When the experimental population was tested for response to 
heterogeneity after 17 generations of se1eotion, the yield (whioh 
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at generation 10 had been in exoess of expeotation) was signifioantly 
less than expeotation and this persisted for a generation of 
lapsed seleotion on normal medium, implying that it was a genetio 
response to the heterogeneity (tests 6 and 7, pp 149 - 155). 
The model upon which this experiment on sympatrlc divergenoe 
was based relies on two different foods to provide foroes of 
selection acting disruptively upon a population enolosed within a 
small area. Under suoh oircumstances, the population may be 
predicted to respond genetically either (1) by showing signs of 
sympatric divergence into two strains of flies, each adapted to 
one of the two media, or (2) by produoing unspecialised flies equally 
well-adapted to both medial if the niohe differenoes are small and 
the toleranoe of the population to both niohes is large, then the 
optimum population will consist of monomorphic, unspecialised types, 
genetioallY adapted to such a situation (Levins 1962). In either" 
case, the flies would be subjected not only to directional seleotion 
on one or both of the foods, but also to selection pressures imposed 
by the greater complexity of the heterogeneous environment. In 
partioular, different density effects would operate on the two 
foods and there may be selection to reduce oompetition both within 
and between each sub-population inhabiting eaoh food. One would 
prediot that the population size would increase above expectation, 
i.e. the level calculated from the yields of ea oh food alone, and 
that as the population becomes better adapted genetioally, this 
increase would be augmented. This was observed in the experimental 
population until generation 10. At this time, one would have 
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supposed that genetio adaptation was taking plaoe in the experimental 
population, resulting in either divergent types or well-adapted, 
unspeoialised flies. However, several generations later, this 
population showed a highly signifioant defioit of flies in the 
heterogeneous environments of tests 6 and 7 (pp 149 - 155) and the 
yield of the main seleotion line itself was below expeotation. 
This result was unexpeoted beoause one would prediot that the 
experimental population size should not fall below the expeoted 
level oaloulated from the oontrols. An explanation of this result 
may be indioated by the second result of major significance to 
emerge from the experiment. 
When the relative amounts of the two foods in the heterogeneous 
environment were altered to test the population for response to 
heterogeneity, (tests 6 and 7, pp 149 - 155), there was an 
overproduction of flies from the minority habitat, though the 
number of replioates was low. (See ratio diagrams - figs. 39 & 41). 
This indioates that the flies oould disoriminate normal and 
peppermint food and were ohoosing egg-laying sites. (The tubes 
oontaining the two types of food were separated after egg-laying 
to establish the size of the emergent sub-populations). This 
result persisted after a generation of lapsed selection, indioating 
a genetio oomponent, and may have contributed to the first result 
noted above. It indioates divergenoe within the population. 
Habitat seleotion by the flies in the heterogeneous population 
was also independently demonstrated (test 9, p 158) - all females 
maintaining their preferenoe for normal food exoept females raised 
on peppermint food in the heterogeneous enVironment; these 
preferred peppermint food on whioh to lay their egge. The greater 
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stability of the heterogeneous population noticed (1) in different 
pure peppermint concentrations and (2) as less extreme fluctuations 
in total yields towards the end of the experiment provides 
additional evidence of habitat selection. This behavioural change, 
i.e. a preference for the less attractive peppermint food, was 
exhibited by the heterogeneous population after one generation of 
lapsed seleotion on normal food (test 7) and therefore was a genetio 
ohange. This genetio adaptation to peppermint, shown not as an 
increase in yield but as a behavioural change, oould be regarded 
as a form of 'phenotypio
' 
or Ibehavioural flexibility' within the 
population. There was also evidenoe trom tests 6 and 7 that the 
females from the P oontrol population were showing a preferenoe 
for peppermint,when plaoed in a heterogeneous environment in whioh 
peppermint formed onlY i of the total food available. However, 
in the subsequent test of habitat seleotion (test 9), when equal 
amounts of normal and peppermint food were available, the preferenoe 
for peppermint was not maintained. Therefore, the evidenoe 
ooncerning adaptation to peppermint in the peppermint control 
population is conflicting. 
Is it possible to acoount for the discrepanoy between the 
predicted results and those observed in the experimental situation 
in terms of sympatrio divergenoe within the population? Consider 
the experimental heterogeneous environment. The relative 
proportiOns of the two habitats, normal and peppermint food, 
remained oonstant (lNllP) and the initial response of the population 
was for the relative yields on the two foods to be in the ratio 
1.3N I lP. Therefore, at the beginning of the experiment, more 
flies would live on normal food and, therefore, more of these 
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would be chosen to found successive generations. If, in addition, 
the flies were to adapt genetically to some factor provided by 
the normal food, either to the food itself or to the overorowding 
on it, then food preferenoes and habitat seleotion in the 
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heterogeneous habitat might evolve, even in the absenoe of adaptation 
to peppermint. It was found in test 8 (p 151) that t of the eges 
laid in the heterogeneous environment were on normal tood. Sinoe 
normal food comprised only half of the food available, competition 
would be severe and density effeots would limit the produotivity 
1 
of this medium. Conversely, the 6 of the population on peppermint, 
would have half the food resouroes available but, if no adaptation 
to peppermint had taken place, the produotivity would not improve. 
Therefore, the net result of improved adaptation on normal medium 
alone would be a yield oonsiderably less than expeotation. This 
was observed both in the heterogeneity test (test 6) and over 
sucoessive generations towards the end of the experiment. However, 
this result also persisted after a generation of lapsed seleotion 
on normal food, implying that seleotion was operating on the 
peppermint food. 
It may be erroneous to assume that beoause there was no 
adaptation to peppermint in either of the peppermint oontrols (p or M) 
there would be none in the heterogeneous environment. In the 
absenoe of a suitable genetic test, whioh should be inoluded in 
future researoh, habitat seleotion, by the Bub-populations on 
normal and peppermint food within the heterogeneous population in 
test 9, oould be explained by phenotypio flexibility. There oould 
also be (1) genetio differenoes in ability to be phenotypically 
flexible, i.e. phenotypioally plastio, (2) genetio differenoes in 
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resistance to peppermint, or (3) both, within the population. 
The second of these alternatives is unlikely beoause no resistance 
built up in the P and M control populations but the last alternative 
is possible since evolution of stronger habitat selection may ba 
accompanied by some change in resistance. The existenoe of eenetio 
differences in ability to be phenotypioally flexible is a possible 
explanation. 
Because it was assumed that there was no genetio adaptation 
to peppermint, a test for genetio divergenoe in the heterogeneouB 
population was not made - separated sub-populations of flies from 
normal and peppermint food (i.e. RN and HP flies) were not tested 
on a range of peppermint. This would be desirable in future 
research. The results of the heterogeneous population tested on 
a range of peppermint concentration may be the mean of quite 
resistant and non-resistant flies and the number of replioates 
may not permit this to be distinguished from all or mostly non-
resistant flies. 
In the heterogeneous environment, phenotypio plastioity 
might evolve because it may be an advantage to lay eggs on peppermint, 
especially if the normal food in the heterogeneous environment is 
density limited. There would be less wastage of eggs and better 
exploitation of the whole environment. This might accelerate 
the eventual reduction in population size if density limits are met. 
It is further possible that habitat seleotion could lead to 
assortative mating within the population. Peppermint food had the 
effect of retarding development by apprOXimately one day. This 
would help to reduce the randomness of the popUlation. Smith (1966) 
considers that habitat selection is an aid to sympatric divergence. 
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The genetio build-up of habitat seleotion for ege-Iaying and a 
small amount of assortative mating would offer a measure of 
inoreasing isolation, whioh would tend to reduoe gene flow and 
effeotively augment the seleotion pressure imposed on the 
population by the heterogeneous environment. In addition to 
investigating the genetios of habitat-ohoioe, behavioural tests on 
mating preferenoes within the heterogeneous population would be 
of interest for future researoh. 
Even in the absenoe of direotional seleotion on peppermint, 
one would suggest that unique seleotive foroes were operating in 
the heterogeneous environment. These foroes appeared to be produoing 
inoreased habitat seleotion and bringing about some measure of 
divergenoe within the population. 
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5. Summary and Conolusions 
1) Preliminary investigations on Drosophila melanogaster (stook 
CB7) were oarried out to determine the nature of the response 
to peppermint-adulterated food medium, which is toxic at high 
concentrations. 
2) An experiment was described to investigate the possibility of 
sympatric divergenoe arising in a small, randomly-mating 
population of D. melanogaster due to the disruptive effects 
177. 
of an environment heterogeneous for two different food media, 
one of whioh was toxio. Normal food (sucrose, yeast and agar) 
and peppermint food (suorose, yeast, agar and peppermint) were 
used. 
3) After 15 generations of seleotion, oontrol populations reared 
i) on full-strength peppermint and ii) on half-strength 
peppermint showed no adaptation to the peppermint food in terms 
of inoreased yields. The former oontrol produoed fewer progeny 
than the other oontrols throughout the experiment. 
A third oontrol population showed, by an inorease in popUlation 
size, an improvement in adaptation to normal food. This wae 
possibly a genetio response to the highly oompetitive 
oonditions pertaining on this densely-populated food medium. 
4) As an environmental response on first experiencing environmental 
heterogeneity, the three controls and the experimental popUlation 
yielded greater-than-expeoted numbers of progeny. 
5) For the first 10 generations of seleotion in a heterogeneoue 
environment, the differenoe between the observed and expeoted 
size of the experimental population increased steadily. After 
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11 generations of selection, however, the population size was 
below expectation and this response was heritable. 
When the relative amounts of the two foods were changed 
within the heterogeneous environment at this time, to test the 
response of the flies, there was an overproduction of flies 
from the minority habitat - a heritable response. This 
indicated the development of habitat choice by the flies, whioh 
was independently demonstrated in a subsequent teat on the 
ohoice of egg-laying sites. Females reared on peppermint chose 
peppermint on which to lay their eggs, females reared on 
normal food retaining their preference for normal food. 
There was less fluctuation in population size from 
generation to generation in the heterogeneous environment and 
it was concluded that the greater complexity of this environment 
endowed its population with greater stability over time. 
6) Complete sympatric divergence into two strains of flies, eaoh 
adapted to one of the two foods, was not observed, though the 
population beoame non-random and some flies may have been 
better adapted to the normal food. A measure of isolation 
(habitat choice) did evolve during the experiment. Consequently 
it is suggested that there are conditione under whioh sympatrio 
divergence within a small, randomly-mating popUlation would 
occur as a result of disruptive selection within a heterogeneous 
environment. 
SECTION IV 
GENERAL CONCLUSIONS 
179. 
IV: General oonolusions 
General Conclusions 
Even though heterogeneous environments are the rule rather 
than the exoeption in natural oonditions, it is only reoently that 
their impaot on the genetios of populations and on evolutionary 
prooesses has been studied with any rigour. The investigations 
described here have mainly been oonoerned with assessing what 
impaot environmental heterogeneity on a very small soale (well 
within the dispersal range of the organism studied) has on 
genetic differentiation. 
The first study looked at the effeot of a heterogeneous 
pasture (mainly height variations) on ribwort plantains, Plantago 
lanoeolata, in more or less natural oonditions. The seoond study 
looked at the effect of a patohy environment (normal food and 
peppermint food) on fruit flies, Drosophila melanogaeter, in an 
experimental situation in the laboratory. In both oases, a 
signifioant effeot of environmental heterogeneity was deteoted. 
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In the Plantago population, there was evidenoe of habitat-oorrelated 
genetio differentiation at least in some morphologioal oharaoters. 
There was also evidenoe for a oonsiderable degree of phenotypio 
plastioity, although it was not olear to what extent this was due 
to the general oharaoteristios of this highly variable, oosmopolitan 
speoies. In the Drosophila experiment, populations in the 
heterogeneous environment evolved habitat seleotion for the less 
palatable habitat (peppermint food), presumably so as to exploit 
this resouroe more fully. No genetic adaptation to peppermint 
was deteoted (as there was no increase in yield) but the evolution 
of habitat seleotion necessitated a behavioural change in the 
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choice of egg-laying sites by the females (phenotypio flexibility) 
and this might have a genetio component. It was found that the flies 
became better adapted to living on normal food and it is postulated 
that this might be the result of a genetic change in ability to 
live in the more highly-oompetitive oonditions on that densely-
populated food medium. The evolution of habitat-seleotion in the 
heterogeneous environment oould then be partially explained in 
terms of this effeot. It is therefore suggested, though not proved, 
that genetio differentiation was evolving. in the Drosophila 
population in the heterogeneous environment. It is likely that 
the results of any investigation on sympatrio divergenoe would be 
dependent on the speoies and population studied. It is interesting 
that in the Plantago population, where seleotion pressures were 
probably high, the adaptation was by miorodifferentiation as well 
as plastioity. The role of environmental heterogeneity in 
maintaining genetio variation was very evident in this population. 
Prostrate plantains produoed fewer infloresoences, were fewer in 
number and produoed fewer seed per plant. Nevertheless, sinoe 
there were segments of the environment in whioh these types were 
favoured, and in whioh population size was oontrolled independently 
of other segments, prostrate genotypes were maintained. In the 
Drosophila experiment, where seleotion pressures on the peppermint 
food in the heterogeneous environment were relatively low, 
adaptation to the food appeared to be by an inorease in phenotypio 
flexibility (a behavioural ohange resulting in the preferenoe of 
the more unpleasant peppermint food for egg-laying). A genetio 
response was elioited from the experimental popUlation by the 
heterogeneous environment. It is suggested that a heritable 
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component of phenotypic flexibility in response to peppermint, 
together with a genetic response to overcrowding on the normal 
food, contributed to the result. Therefore, although not much 
in evidence, it is suggested that genetic differentiation was 
evolving in this population due to the heterogeneity of the 
environment. 
In both experiments, forces were seen that might enhanoe 
positive assortative mating and thus further oontribute to 
maintaining genetio variation. In the Plantago population, this 
ocourred by differenoes in flowering time between the genotypes 
and probably some assortative mating by virtue of olumping of 
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like genotypesJ in the Drosophila population by habitat seleotion 
oombined with differenoes in developmental time on the two media. 
It seems olear that in plants (and many sessile animals) vast 
quantities of seeds are produced and the resultant seedlings have 
little ohoioe as regards their habitat. These faotors oontrive to 
produoe strong seleotion pressures so that only appropriately 
adapted types oan survive. Given this rather basio interpretation, 
it seems likely that the kind of differentiation observed in the 
field study is probably oommonp1aoe in plant populations. Reoent 
theoretioal models do indeed oonfirm and generalise these ideas, 
yet have lacked oonviotion for want of field observationsl suoh 
observations are provided by the present investigation. 
183. 
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Plantago lanoeolata data 
APPENDIX 1 
~. Geroinatioo ot ? l~ceolata 
.0. days 
after 
seed sown 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
Fopul.at ioo 1 
/ 56 seeds 
No . e.l.· % 
17 6. 9 30. 4 
22 7. 3 39 ·3 
?:1 7.5 48 .2 
30 7.5 53 .6 
33 7. 4 58 . 9 
36 7. ' 64 .3 
38 7.0 67 . 9 
42 6.5 75 .0 
46 5.7 82. 1 
47 5 .5 84.0 
47 5.5 84 .0 
47 5 .5 84 .0 
47 5.5 84 .0 
47 5 .5 84 .0 
47 5 .5 84.0 
47 5 .5 84 .0 
47 5 .5 84.0 
47 5.5 84 .0 
47 5.5 84 .0 
Po,:ulatioo 2 
Germination 
/56 seeds 
No. C. I. - ~ 
36 7 .2 64 . 3 
39 6.9 69 . 6 
40 6.8 71 . 4 
42 6.5 75 .0 
45 5.9 SO .4 
46 5 .7 82. 1 
46 5 .7 82.1 
49 4.9 87 .5 
52 3.9 92. 9 
53 3. 4 94 .6 
53 3.4 94 .6 
53 3. 4 94.6 
54 2.8 96 .5 
54 2. 8 96 .5 
54 2.8 96 .5 
54 2.8 96 .5 
54 2.8 96 .5 
54 2.8 96 .5 
54 2.8 96 .5 
C. l .' - Confidence interval 
Population 3 
Gerr.lina.tion 
/56 seeds 
No . C. l .· ~ 
9 5.5 16.0 
15 6.6 26 . 4 
27 7.5 48 . 2 
?:1 7.5 48 . 2 
27 7.5 48 . 2 
31 7. 4 55 . 2 
33 7 . 4 58. 9 
38 7.0 67 .8 
43 6.3 76 .8 
43 6.3 76 .8 
44 6. 1 7S.5 
44 6. 1 76 .5 
46 5 .7 82. 1 
46 5. 7 82. 1 
47 5 .5 84 .0 
47 5 .5 e.4 .0 
47 5 .5 84 .0 
47 5.5 84 .0 
47 5 .5 54 .0 
C. l • • VPVi (Kol.mgoroff-5chmin!of! test) . 
l'opulnt i on 4 
OercW:\lltion 
/56 seedo 
1\0 . C. !. ' :" 
14 6.5 25 .0 
20 7. 2 35 .7 
23 7 .4 ~ 1. 1 
26 7., 46 . 4 
?:1 7 .5 48 .2 
30 7.5 53 .6 
32 7. 4 57.2 
37 7.' 66.1 
42 6 .5 75 .0 
45 5 . 9 SO . 
6 5 .7 82 .1 
46 5 .7 8': . 1 
47 5 .5 84.0 
47 5 .5 84.0 
47 ' .5 84 .0 
47 5 .5 8 .0 
47 5 .5 84 .0 
47 5 .5 ~ . O 
47 5.5 84 .0 
192 . 
fopula tion , 
Oor cdnat oa 
/56 s .do 
17 6.? 30 . 
Z2 7.' '9.' 
28 7.' ,0.0 
29 7.' ".8 
30 7.' " .6 
7.4 ,8 .9 
37 7. ' 66 . 1 
40 6.: 7' . 
"3 6., 70 .S 
45 ' .9 80 . 
, 5.9 O. 
6 ' .7 8:a .1 
46 ' .7 !:! . ' 
46 , .? 82 .1 
6 , .7 82 .1 
6 5 .? 2 .1 
46 ' .7 0.: .1 
46 ' .7 3:: .1 
1. 6 ' .7 &:a . , 
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APPEliDIX 1 Table 2 Morpholo,," ot populatiOl1l 1 - 5 atter OD. Illl)Ath I. IZ'OVtb ill en.nI:loUle. Meuurelll8nts taken 13.8.68 
Rep Population 1 
Pop1ll.atiOD 2 Population 3 Population I. PopulatiOD , 
No A. B C D A. B C D A I C D A. I C D A B C D 
1 8 6.6 0 2 9 11.4 1 3 7 10.4 0 3 8 11.4 0 3 8 15.0 1 3 
2 , 7.1 0 3 9 9.6 0 2 6 9.6 0 3 7 14.1 0 3 6 11.2 0 3 
3 9 8.1 0 1 9 12.4 1 1 6 1.6 0 3 6 8.9 0 3 7 11.4 1 3 
4 9· ,.6 0 1 10 11.1 0 1 9 1.6 0 2 1 10.2 0 3 6 9.6 1 3 
·5 11 8.1 0 1 1 8.9 0 3 9 8.1 0 2 
, 1.6 0 3 1 11.4 0 3 
6 9 6.6 0 '1 1 11.2 0 3 , 8.1 0 3 6 7.6 0 3 6 6.3 0 3 
7 9 4.0 0 1 9 10.9 0 3 3 4.8 0 3 6 1.6 0 3 a 13.T 3 3 
8 9 11.2 0 1 9 10.9 2 1 7 11.2 0 3 9 14.' 3 a '6 11.2 0 3 
9 11 1.1 0 1 1 10.4 0 2 
, 
'.3 0 3 9 12.2 0 1 9 10.1 3 1 
J.G) 9 6.3 0 1 9 11.2 0 '1 6 6.3 0 3 4 7.9 0 1 1 10 •• a 3 
11 10 6.6 0 1 1 10.6 0 2 
, 9.1 0 3 6 12.' 0 3 , 9.4 0 a 
12 9 9.1. 1 1 8 14.0 0 3 8 7.6 0 3 1 8.9 0 3 7 9 •• 0 3 
13 7 ,.3 0 1 9 11.9 0 1 9 8.9 0 3 
, 
'.8 0 3 6 7.' 0 3 
14 7 6.6 0 1 8 8.4 0 2 7 10.4 0 1 a 11.1 0 3 T 10.1 a 3 
15 9 7.1 0 1 9 8.9 0 1 10 10.1 0 2 10 12.1 0 1 a 9.6 3 1 
16 10 6.6 0 1 6 ,.8 0 3 8 11.2 0 3 1 1.3 0 1 a 12.2 2 2 
17 1 6.8 0 1 8 11.2 0 1 5 8.1 0 3 8 9.6 0 3 6 9.9 0 3 
18 6 6.3 0 2 7 9.9 1 1 6 10.9 0 3 8 12.2 0 2 7 8.9 0 3 
19 10 6.8 0 1 9 11.7 . 1 1 7 8.9 0 3 9 13.' 0 2 6 10.4 0 1 
20 1 ,";6 0 1 11 12.2 0 1 5 7.4 0 3 6 8.9 0 1 
, 9.9 0 1 
2l 8 11.2 0 1 9 10.1 0 1 6 9.6 0 3 7 12.' 0 1 6 6.8 0 3 
22 8 8.4 0 3 7 14.' 0 3 7 7.9 0 2 9 11.9 0 1 6 8.4 0 1 
23 1 6.8 0 2 1 11.4 0 1 4 ,.4 0 1 , 6.3 0 3 6 8.1 0 1 
21. 10 8.1 2 1 9 6.3 0 1 1 10.9 0 2 6 8.1 0 3 9 13.2 a 3 
25 9 8.4 0 1 9 7.4 0 1 4 6.3 0 3 8 1O.a 0 3 6 11 •• 0 3 
26 11 6.6 0 1 9 9.6 0 1 
, 5.3 0 3 4 1.6 0 3 8 IT.3 a 3 
2T 9 7.1 0 1 8 11.9 0 3 
, 1.9 0 3 8 13.0 0 1 6 18.0 0 3 
28 10 1.1 3 1 9 14.1 0 3 
, 8.1 0 3 1 13.2 2 3 6 8.9 0 3 
29 6 6.3 0 3 9 15.0 0 1 4 8.4 0 3 
, 6.6 0 3 6 9.4 1 3 
3l 1 2.8 0 1 1 10.1 0 1 10 14.0 0 3 
, 8.1 0 3 6 11.2 1 3 
31 1 6.8 0 2 11 10.1 0 1 9 10.7 0 1 • 8.1 0 1 9 11..1 2 3 
32 9 8.9 0 1 10 12.1 1 1 
, 13.2 0 3 8 11.4 0 2 1 lO.2 2 2 
33 9 9.1. 0 1 8 15.8 0 3 
, 8.1. 0 3 4 6.6 0 1 1 12.' 2 3 
34 6 5.8 0 3 10 14.0 0 1 8 9.6 0 2 
, 6.3 0 3 8 11.2 0 1 
35 10 8.6 0 1 8 10.9 1 1 8 14.0 0 3 9 9.1 1 1 8 13.2 1 2 
36 11 1.8 0 1 1 11.4 0 3 6 12.1 0 3 4 '.1 0 3 8 11.., 3 3 
37 9 5.1 0 1 10 14.2 6 1 1 11.4 0 3 8 13.2 0 1 1 11.2 1 3 
38 9 9.6 0 1 6 1.3 0 2 6 13.2 0 3 6 12.2 
o . 3 1 1'.' 3 1 
39 6 . 4.6 0 3 5 6.6 0 2 7 13.7 0 3 " 
8.1' 0 3 9 12.2 3 1 
40 10 6.8 0 1 5 9.5 0 3 9 13.1 0 3 7 ll1.1 0 3 9 1l.9 2 2 
41 10 7.1 0 1 9 6.6 0 3 9 1l.1 0 3 7 8.1 0 3 
, 9 •• 0 3 
42 6 4.1 0 3 9 11.4 0 2 
, 10.9 0 3 , 8.4 0 3 T 9.1 0 3 
43 10 1.6 2 1 9 14.2 0 1 7 11.2 0 3 8 10.7 0 3 
, 9.6 0 3 
44 1 8.4 0 2 10 15.5 . 0 1 II ,.8 0 3 
, 8.9 0 2 6 1.6 0 3 
45 9 9.9 0 1 10 10.4 0 1 9 8.9 0 1 8 10.1 0 3 T 7.9 0 3 
46 9 4.8 0 1 3 4.8 0 3 8 14.5 0 3 
41 11 7.6 3 1 10 10.9 0 1 5 1.4 0 3 
48 9 12.7 0 3 
49 6 1.3 0 3 
50 8 12.2 0 3 
51 6 8.1 0 3 
Key tor headiDgIsl A leat IlWDber 
I le.t lel1gth (ell) 
C infioreeeellCe IlWDber 
D growth habit ( 1 -, 8eale, 1 bein& prostrate ) 
• ' I ••• 
. , ...... ' . .. . . . . . ' ..... 
• ~ 
0'\ 
r-f 
APPEHDIX 1 - Table 3 Morphology of populatiOllS 1 - 5 after 6 a:>aths' growth. Measurements III&de OIl 8.1. 69 
Population 1 PopulatiOll 2 PopulatiOll 3 PopulatiOll " Population 5 
A B C D A B C D A B C D A B C D A B C D 
1 8 39.2 2." 2 10 3>.1 2." 2 8 11".5 1.7 3 12 46.2 2.2 3 8 23.0 2.7 2 
2 5 "5.0 1.8 1 II 39.7 1.9 3 
" 
"1.0 1.8 3 1 51.6 2.1 3 9 43.5 2.1 3 
3 9 38.3 3.0 1 9 "".5 2.8 2 5 111.6 2.5 3 6 41.0 1.8 3 10 36.8 1.9 3 
4 6 38.5 1.8 2 10 50.5 2." 3 1" 38.1 2.1 2 9 42.5 1.9 3 9 52.0 2.2 3 
5 9 46.1 2." 1 1" 46.8 2.7 3 12 1J3.2 2.9 3 11 ·34.7 1.9 3 5 3).6 1.5 3 
6 8 47.3 3.1 1 1 1J3.2 1.5 3 
" 
36.0 1.3 3 1 38.0 1.4 3 6 35.4 1.8 3 
1 6 41.0 2.3 3 8 "2.6 1.8 2 3 32.5 1.0 3 8 40.5 1.5 3 4 31.0 2.0 2 
8 II 43.0 3.0 1 10 1J".1 2.6 2 7 50.0 2.5 3 11 42.5 1.5 3 6 3>.5 2.5 2 
9 11 35.7 '2.3 2 lit 39.1 2.1 2 6 35.0 1.4 3 1" 40.5 3.1 2 6 33.2 1.1 2 
10 7 39.2 1.9 2 10 42.6 2.2 3 5 31.5 0.6 3 8 42.9 2.2 3 1 38.2 2." 3 
11 9 34.5 2.3 2 6 "2.0 1.9 2 6 45.0 1.8 2 8 46.5 1.8 3 1 32.0 2.2 2 
12 8 31.1 2.2 2 10 51.3 2.6 2 5 35.0 1.8 3 1 40.5 1.9 3 13 42.5 1.9 3 
13 1 38.5 1.8 1 15 42.1 2.5 1 9 "5.0 1.9 3 5 34." 1.6 3 1 34.5 1.3 3 
1" 1 "1.5 2.8 2 5 33.3 1.3 3 1 41.2 1.8 1 11 44.1 2.6 2 .. 28.0 1.3 2 
15 1 "3.1 1.1 2 1 33.6 1.8 3 14 44.6 2.7 3 12 43.8 1.8 2 5 41.1 1.4 3 
16 11 41.0 2.2 2 6 31.5 1.4 3 10 41.5 2.3 2 11 21.5 1.9 1 6 3>.5 1.5 3 
11 1 41.5 4.2 3 8 34.3 2.0 3 5 33.0 1.0 3 8 31.6 1.6 3 1 29.5 2.6 2 
18 6 39.0 1.8 2 6 31.2 2.2 3 8 48.0 2.0 3 9 44.2 2.3 2- 4 36.5 1.6 3 
19 11 44.5 3.2 1 12 46.6 2.3 3 12 41&.2 2.5 3 13 42.8 2.0 2 6 33.1 2.3 2 
20 1 25.5 2.2 1 15 51.0 2.5 3 6 28.9 1.0 3 1 42,2 2.5 3 4 35.4 2.3 2 
21 12 38.5 4.3 1 19 39.6 3.8 2 7 41.4 2.0 1 8 36.5 1.6 3 8 28.3 1.5 3 
22 8 38.0 1.7 2 4 25.6 1.3 3 9 35.9 2.2 2 10 41.0 2.8 1 10 21.0 1.1 3 
23 6 36.0 2.0 3 12 39.1 3.0 3 4 34.0 0.9 3 6 22.3 1.5 3 
24 11 46.0 2.8 2 9 46.0 2.4 2 
25 9 32.8 2.1 2 7 36.0 1.8 3 
26 14 38.5 1.5 2 
21 9 35.0 2.5 3 
;1 Leaf length and leaf vidth in centimetres Key for heading: A = Leaf No.; B = Leaf length Growth habit on a 1 - 3 scale C = Leaf vidth; D = Growth habit 
§ 
I":iI p., 
p., 
< 
" 
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Table 4. Response to shading. 
Prostrate Prostrate Erect Erect 
unshaded shaded unshaded shaded 
population population population population 
A B C D A B C D A B C D A B C D 
Box 1 6 22 235 4 6 13 179 2 4 8 250 3 8 18 210 2 
7 14 204 1 6 17 238 3 3 8 230 3 10 15 176 3 
.5 10 170 1 4 12 1.53 3 7 18 343 2 4 9 92 4 
8 16 196 2 7 1.5 231 2 5 9 318 3 6 14 207 4 
10 23 178 2 3 9 181 3 3 7 241 4 5 9 168 4 
.5 17 206 2 3 9 136 2 5 13 327 3 5 12 183 4 
12 15 10.5 1 7 17 228 2 9 16 38.5 2 8 16 204 3 
4 12 171 3 6 23 271 3 2 18 3.50 3 11 25 356 2 
5 7 110 2 4 12 2.55 3 2 10 346 3 11 15 232 3 
.5 13 170 2 5 13 200 3 6 12 304 4 6 15 22.5 3 
12 24 246 2 8 13 141 2 .5 7 202 2 4 8 135 4 
4 8 160 3 8 14 190 3 8 22 336 2 9 16 290 3 
8 20 199 2 9 14 190 3 3 9 281 4 6 13 232 3 
8 24 168 2 4 10 183 4 13 16 340 2 
4 10 136 2 10 24 188 2 7 15 275 2 
8 11 125 2 10 18 200 2 7 19 362 2 
6 20 197 2 .5 10 182 3 4 10 333 3 
21 25 1.58 2 6 18 204 2 6 13 336 2 
6 13 166 2 7 15 207 3 4 13 220 3 
16 18 143 1 9 16 241 2 9 20 395 2 
8 20 225 1 19 22 246 2 
.5 13 172 2 7 16 262 2 
4 10 169 2 7 14 232 2 
2 12 116 3 
6 19 221 2 
Box 2 11 15 175 2 6 12 305 3 6 14 276 3 9 14 309 3 
8 14 160 3 6 17 360 2 4 8 222 3 7 19 312 , .;.. 
5 11 99 2 6 18 300 3 7 11 241 4 4 14 242 4 
6 14 116 2 6 12 369 2 5 9 216 2 .5 12 300 3 
5 9 100 2 9 13 297 3 4 11 225 3 4 14 285 3 
7 17 147 2 11 17 280 2 3 6 122 3 14 18 273 2 
6 12 121 2 4 11 297 4 4 10 217 3 .5 9 236 4 
6 7 101 1 5 13 232 4 .5 10 188 2 4 12 310 3 
10 21 151 1 8 13 242 2 7 12 340 2 6 6 ~16 4 
5 14 94 2 4 15 227 4 10 15 226 2 3 7 243 4 
10 15 146 2 16 19 273 2 5 9 265 4 10 24 336 2 
4 13 167 4 7 15 267 3 6 13 286 2 2 .5 210 4 
7 13 76 1 2 7 158 3 10 19 330 2 5 17 327 3 
4 6 52 1 7 20 237 2 3 7 163 3 4 17 317 2 
4 7 106 3 4 9 206 3 3 6 150 4 2 7 201 4 
5 12 102 2 9 20 275 2 10 11 267 3 7 14 303 2 
5 13 86 2 3 7 180 3 5 12 210 3 
13 16 193 2 13 17 225 3 5 10 162 4 
6 10 72 2 8 17 232 2 6 11 285 3 
8 14 84 1 8 25 230 2 5 11 187 3 
10 18 150 2 7 6 123 3 
9 18 93 2 6 10 143 4 
4 10 91 2 7 12 222 3 
12 16 79 1 8 14 198 2 
Key to heading: A = Leaf number, C = Leaf length (mm), 
B = Leaf width (mm), D = Growth habit (1 - 5 scale). 
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Fig. 1. Experimental schedule of the Pl~ntnEo lanceolata 
investiGD. tion. 
Lmr.iJIN LI~S POPULATION 
cornRoL S l~ ~1(l!.'N!'AL .17RIP 
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... 
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Cloning technique 
It was reported (McNeilly, pers. oomm.) that plantains 
could be cloned by removing the leaves from the vertioal rhizome 
by a horizontal inoision more or less at ground level. This 
resulted in the produotion of numerous side shoots, whioh 
oould be removed and propagated. To investigate this further 
and to devise a method for oloning the experimental plants from 
Lundin Links, an experiment was designed to test the effioaoy 
of alternative methods of oloning. 
Plants taken at random from the population oomparison 
experiment, and whioh had been growing in the greenhouse for 
one year, were divided into 5 groups of 10 plants. For eaoh 
group a different type of inoision was made through the apioal 
meristem. These inoisions were as follows. 
1. Vertioal inoision through rootstook, 
2. transverse inoision above top of rootstock, 
3. transverse inoision midway down rootstook, 
4. transverse inoision near bottom of rootstook, 
5. sooop inoision. 
The plants were potted up in John Innes No 1 potting oompost 
in 5in pots and arranged in random order in the greenhouse. 
After one month, the number of shoots per plant and the number 
of plant deaths were reoorded (table 5). 
Sinoe there was a similar amount of variation in the olone 
size produoed per plant for all the methods tried, it was 
deoided to use method 3 by whioh to olone the plants. This 
method produoed the highest average olone size. Method 1 did 
197. 
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induce a reasonably high number of shoots per plant and no 
deaths resulted but the shoots were of unequal size. It ~a9 
preferred to sacrifice a few plants in favour of uniformity of 
replioates. 
Table 5. Results of cloning experiment 
No. shoots produced using inoision 
method numbers 
Rep. no. 1 2 3 4 5 
~ 4 3 0 15 10 
2 10 1 5 12 1 
3 3 8 10 7 3 
4 1 3 10 1 5 
5 12 2 6 7 2 
6 6 1 10 4 2 
7 4 9 11 5 1 
8 13 3 20 15 1 
9 7 7 0 0 6 
10 2 2 10 15 3 
Ave. no. shoots 6.2 3.9 8.2 8.1 3.4 
No. deaths 0 0 2 1 0 
Coef!. variation 0.68 0.76 0.72 0.72 0.85 
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Table 6. Pattern analysis - transformed data 
Block size Sx2 2 Sx /Block size Sum Sq. dF Mean Sum Sq. 
1 91.581 91.581 32.987 1279 0.026 
2 117.188 58.594 13.598 639 0.021 
4 179.982 44.996 5.907 319 0.019 
8 312.709 39.089 7.244 159 0.046 
16 509.515 31.845 3.458 79 0.044 
32 908.394 28.387 1.777 39 0.046 
64 1703.052 26.610 1.517 19 0.080 
128 3211.944 25.093 1.449 9 0.161 
256 6052.798 23.644 13.984 4 3.496 
1280 17529.760 9.660 
Each quadrat is divisible into 64 equal block units. 
200. 
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Field study data (Lundin Links,) is bound in separate data volume. 
Table Z. Means and correlation matrix of characters of control 
strip plants measured in June 1962. 
Leaf Leaf Leaf Inno. Scape Spike Growth 
no. width length no. length length wlbit (mm) (mm) (mm) (mm) (1-5) 
Means 4.4 7.1 46.4 2.6 113.8 8.7 3.6 
Leaf no. (corr. coeff) 0.55 0.31 0.20 0.21 0.40 -0.12 
(significance) ••• ••• • • • •• 
Leaf width 0.55 0.17 0.42 0.67 0.07 
••• • •• • •• 
Leaf length 0.31 0.72 0.60 0.53 
•• • •• • •• • •• 
Inflo. no. 0.13 0.22 0.05 
• 
Scape length 0.65 0.57 
••• • •• 
Spike length 0.23 
• 
Table 8. Correlation between height of vegetation and characters 
of plants in field. 
Leaf Leaf Leaf Inno. Scapo Spike Growth 
no. width length no. length length h.'lbit 
Ht. veg. June 1969 -0.02 0.27 0.60 -0.11 0.51 0.29 0.31 
• ••• • • • ••• 
Mean ht. veg. -0.00 0.08 0.39 -0.00 0.25 0.25 0.52 
June 1969 - sept. 1971 ••• •• •• • •• 
N.B. See Appendix 1 t P 201 for interpretation of correlation matrices. 
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Note on statistical methods 
Interpretation of oorrelation matrioes 
The levels of signifioanoe on the oorrelation matrioes 
represent signifioanoe of the oorrelation ooeffioients taken 
singly. Clearly some oorrelations may be eignifioant purely 
by 'ohanoe' sinoe many oomparisons are being tested. Clearly 
it would be desirable to have a simultaneous teat prooedure 
(suoh as Dunoan's Multiple Range Test) to piok out only those 
correlations that are suffioiently different from zero to be 
deemed signifioant in a multiple oomparison situation. However, 
I have been unable to discover suoh a test prooedure. This is 
partioularly aggravated in the oase of a oorrelation matrix 
sinoe eaoh test is not independent of other tests but oorrelated 
with one or more of them. simply adjusting the signifioanoe 
oriterion is also invalid. 
For this reason muoh of the interpretation of the oorrelations 
is on an intuitive or semi-quantitative basis, as in tables 10 
and 11, P 204. The oorrelations signifioant at the .05 level 
were given a soore of 1, those at the .01 level a Boore ot 2 
and those signifioant at the .001 level were given a Boore ot 3. 
A oorrelation soore was then assigned to eaoh morphologioal 
charaoter. No attempt is made in the text to disouss speoifio 
oorrelations in detail sinoe individual values may be spuriously 
signifioant. Only oorrelations that are highly signifioant or 
that appear oonsistently in a number of treatments have boen 
emphasized. 
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Multiple regression methods 
Multiple regression specifies the relationship of one 
dependent variable to a set of independent variables • 
••••• a x ) 
n n 
From the multiple regression the multiple correlation oan be 
oaloulatedl the multiple oorrelation of a dependent variable 
with a set of independent variables is defined as the oorrelation 
of the dependent variable (Y) with the value of that variable 
predicted by the multiple regression equation using obsorved 
values of the independent variables (xl to x
n
). This multiple 
correlation coefficient (R) is related to the amount of 
variation in a variable (Y) that oan be estimated from a 
number of independent variables (Xl to Xn ). More preoisely 
the actual proportion of variation that oan be aooounted for 
2 in this way is estimated by R , the squared multiple oorrelation. 
The oomputer technique (R2 maximum improvement) used in the 
multiple regression analysis involved finding the best one-
variable model (i.e. model whioh maximised R2), the best two-
variable models, and so on. 
The eventual multiple regression equation, and henoe the 
variables assooiated with the dependent variable, was ohosen 
using the criterion that the regression be the best fit (p • a 
minimum) and that it be a signifioant fit at the P < 0.05 level. 
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203. 
~. orre13tion matrices of characters of olants in the gardens and geenhouse . 
earder.5 1970 
Leaf Lea f Leaf Inflo . SCD-pe Spike Orowth 
no . width l ength no . l ength l ength habit 
June 1970 correlation matr ix 
Lea f nucber (corr . coeff . ) -0 . 15 0 . 22 0 . 18 0 . 23 0 . 17 0 .01 
(si gnificance ) 
Lea f width -0.08 0 . 28 -0 . 02 0 . 34 0 . 34 -0 . 12 
Leaf l ength -0 . 09 0 . 28 0 . 42 0 . 61 0 .58 0 . 45 
Inflo . no . 0 . 16 -0 . 02 0 .07 0 . 35 0 . 40 0 . 07 
Scape l ength -0 .09 0 . 20 0 . 59 . -0 . 07 0 . 69 0. 23 
S. ike l ength -0 . 10 0 . 48 0 . 39 -0 . 04 0 . 46 0 . 21 
Growth habit -0.05 0 . 02 0 . 46 -0 . 13 0 . 36 0 . 17 
Septecber 1970 correlation matrix 
eenhouse J une 1970 
Clone date correlation matrix 
Leaf number (corr . coeff . ) -0 . 16 -0 . 29 0 . 14 -0 . 16 .07 -0 . 21 
(signifi cance) 
Leaf wi dt h 0 . 55 0 . 08 0 . 13 01. 12 0 . 30 - 0 . 1C! 
Leaf length 0 . 33 0 . 46 -0 . 41 0 . 23 0 . 08 0 . 44 
... . .. 
- 0: 10. :10. 0 . 42 0 . 29 0 . 30 0 . 27 O. 4 . 22 
3cape l en .. h 0 . 28 0 . 21 0 . 37 0 . 71 0 . 72 0 . 20 
.3 .. ~<e lensth 0 . ~ 4 0 . 25 0 . 34 0 . 68 0 . 89 0 . 14 
Jroll th h:lbit -0 . 25 -0. 10 0 . 28 . 05 0 . 23 0 . 20 
Clone date 2 corre lation ma t r ix 
jr eenhous e 3eotember 1970 
Clone dll te correl ation matrix 
: eaf nUI:loer (corr . coe ff . ) -0 . 19 . 12 -0 . 08 -0 . 37 -0 . 31 -0 . 11 
( s i gnificance ) 
: eo.f '" ict~ -0 . 1 0 . 26 -0 . 08 0 . 06 0 . 23 0 . 06 
: ea: l eosth . 27 0 . 37 . 33 0 . 52 0 . 12 0 . 41 
Inno . no . 0 . 12 . 22 -0 . 27 . 14 -0 . 19 -0 . 20 
Scape l engt h . 50 0 . 09 0 . 50 -0 . 19 0 . 36 0 . ~6 
3;:i ke l e nst r. -0 . 23 0 . 23 0 . 27 . 19 0 . 49 0 . 16 
'jrowt h !labit . 31 0 . 03 0 . 46 . 12 0 . 40 O. 4 
Cl one dat e 2 corr c19.t i on ::ut r i :c 
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Table 10. Correlation 'scores' of plants in garden, greenhouse and field. 
(Appendix 1, p 201 for information on correlation Bcores.) 
Character Leaf Leaf Inflo. Scape Spike Growth 
width length no. length length h.llbit 
-,1-1 3 1 -3 3 - -1 3 2 -1 3 - - -3 1 -2 -} Leaf no. - -2 - - - -3 - - - - -3 -3 - -3 -3 - - -1 
3 3 1 1 '3 1 
1 
- 3 - - 3 :3 - 2 - 3 3 - - -2 
Leaf width 1 3 3 - - -2 1 - - 3 2 2 - - -
3 - 3 3 -
3 -3 3 3 2 :3 :3 
-
3 ~ ~ 5 Leaf length - -3 -, 3 3 3 3 - 3 
2 3 3 3 
3 3 3 3 3 3 - -2 -
Inflo. no. - - -1 - -1 -1 - -1 -~ 
-
1 
3 3 3 3 
Scape length ~ 3 3' 3 
3 
2 
Spike length 2 
Key: 'Scores' : 3 - Pc: 0.001 
2 - p" 0.01 
1 - P <: 0.05 
- - not significant 
m A - garden, June 1970 DE B - greenhouse, clone date 1, June 1970 C -
" " " 
2, 
" " D - garden, September 1970 
E - greenhouse, clone date 1, September 
F -
" " " 
2, 11 
G - field, June 1969 
Table 11. Comparison of field correlation scores with the total 
correlation scores. 
Character Leaf Leaf Inno. Scape Spike 
width length no. length length 
3 (3) 3 (1) 1 (3) 1 (-1) 3 (0) 
-
2 2 
~ 3 
:3 
1 2 
- -
1 
1970 
" 
Growth 
habit 
1 (-6) Leaf no. 
Leaf width 
Leaf length 
Infl0. no. 
Scape length 
Spike length 
3 (14) 0 (1) :3 (9) 3 (16) -2 (0) 
2 (-1) 3 (20) 3 (15) 
o (8) 1 (8) 
:3 (21) 
Kel: 1st. figure = score field correlation 
2nd. figure = total of all correlation scores 
(bracketed) 
:3 (21) 
0 (-5) 
3 (19) 
1 (8) 
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Table 12. Correlations of vesetation heisht with characters of 
plants in garden, greenhouse and field. 
Environment Leaf Leaf Lea.f lnflo. SCllpe Spike Growth 
no. width length no. length length h'lbit 
Garden. June 0.18 -0.15 0.06 0.09 -0.12 -0.10 0.19 
Sept -0.23 0.13 0.22 -0.09 0.06 0.02 0.19 
Greenhouse. 
June Clone date 1 0.07 -0.06 0.06 -0.16 -0.10 -0.15 0.11 
" 
Clone date 2 0.18 0.13 0.05 (-0.00) -0.11 -0.06 -0.01 
Sept.Clone date 1 0.22 0.03 0.01 -0.13 -0.18 -0.15 0.11 
11 Clone date 2 0.11 -0.02 0.00 -0.03 -0.11 0.07 -0.02 
Field -0.00 0.08 0.39 -0.00 0.25 0.~5 0.52 
Table 13. Significance levels of correlations of vegetation height with 
characters of plants in garden, greenhouse and field. 
Environment 
Garden. June 
Sept. 
Greenhouse. 
June Clone date 1 
" Clone date 2 
Sept Clone date 1 
" Clone date 2 
Field 
Leaf 
no. 
o 
• 
o 
• 
• 
o 
• 
o 
•• 
o 
Leaf 
width 
Leaf 
length 
o 
• 
••• 
lnflo. Scape Spike Growth 
no. length length hl'lbit 
o o 
• 
• 
o o o 
• • 
o 
o o o o 
• • 
o o 
• •• •• • •• 
o 
• 
P < 0.05 - Multiple regression (see Appendix 1 t P 202 ). 
P < 0.05 - Correlation 
•• 
••• 
p <: 0.01 - " 
p ~ 0.001 - 11 
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Table 1... Correlation matrix ot Ph.potYp" in thld vit!! R!!.potrp" \!Il!1!E .ttll4ara S9114it199' 
~ Le&! No June 
0.10 
Leat /lo 0.25 
~.04 
0.05 
L.&! width 0.16 
~.09 
0.09 
Lea! length ~.08 
0.11 
0.12 
Intlo No. 0.32 
-o.OT 
0.23 Seape 
-0.04 
Length ~.22 
0.16 
Spike 0.30 Lengt!! 
-o.ld 
0.03 
Grovt!! 0.02 I!&bit ~.02 
Mean 0.13 
vegetation 0.16 
height 0.20 
Variance lA 0.21 
vegetation 0.11 
heig!!t 0.32 
ft Gard.n. 
3 Greenhouse 1 
C GreenhOUSe 2 
Se"t. 
~.21 
O.lT 
-o.OT 
-0.15 
0.03 
-0.10 
-0.04 
~.11 
0.03 
. ~.2T 
0.23 
0.12 
-o.lT 
~.O9 
~.31 
~.32 
0.19 
~.24 
0.07 
-0.05 
-0.05 
-0.14 
0.23 
-0.09 
-o.OT 
0.20 
0.10 
Standard Condition. 
L.&! vidt!! L.at leDCt!! rnfio. /lo. Se ape htlC1:!! 
Jun. S."t June e.tIt JWl. Sent Ju"e 
-o.Ol 0.08 -0.11 -0.02 -0.14 -0.13 -0.12 
~.11 -0.18 -0.06 O.OT 0.02 -<).OT -<).00 
-0.12 ~.OT -0.09 ~.14 -0.18 -0.09 -0.11 
0.02 0.09 0.09 0.05 -0.16 -0.20 -0.06 
0.01 -0.02 -0.0, 0.11 -0.09 -0.12 -0.09 
~.16 -0.03 -0.16 0.06 -o.lT -0.12 -0.20 
-o.OT 0.24 0.26· 0.2T 0.02 -o.OT -0.01 
0.04 0;0, 0.05 . 0.18 ~.21 -0.26 -0.04 
0.03 -0.05 0.03 0.22 0.08 0.00 O.OT 
-o.OT 0.44 ~.18· -0.20 -0.21 0.04 -0.11 
0.15 -0.13 ~.01 ~.11 0.19 0.05 -<).13 
~.10 -0.00 -0.20 ~.34 ~.03 0.04 0.11 
~.19 0.20 0.32 0.28 ~.04 -<).08 0.06 
0.32 O.lT 0.20 0.19 -0.3' -0.28 0.01 
-0.19 0.03 0.08 0.48 -0.18 -0.13 -0.16 
~.19 0.42 0.15 0.16 ~.08 -0.06 -0.00 
0.10 ~.15 0.1, 0.19 ~.11 ~.06 0.04 
~.15 0.05 0.11 0.30 -0.10 0.01 ~.06 
0.01 0.07 0.16 0.23 0.09 0.05 ~.O5 
0.03 0.05 0.09 ~.12 ~.04 -0.02 -<).01 
0.03 0.05 0.14 0.23 0.01 0.02 ~.O, 
-<).14 0.13 0.16 0.2T 0.06 ~.04 -0.06 
~.01 0.07 0.01 0.12 ~.23 ~.20 -0.14 
0.10 -0.14 0.08 0.15 ~.08 -<).02 -<).ll 
-0.06 0.26 0.15 0.23 0.10 0.03 ~.OT 
-0.09 0.03 0.00 0.14 ~.26 ~.26 -<).10 
0.06 ~.24 ~.OO 0.03 0.09 0.02 ~.16 
Statiatical 8ilD1tlcance ot correlatica coefficient •• 
It correlation coeftlcient • 0.'2, P ~ 0.001 
It correlation coefticient • 0.2', P ~ 0.01 
It correlation coefticient • 0.20, P ~ O.a, 
~.nt 
~.O' 
0.03 
-0.15 
-0.0' 
0.010 
-0.01 
0.11 
0.0] 
0.16 
-0.09 
-0.16 
-0.39 
O.lT 
0.0, 
0.:;:0 
0.0, 
0.06 
~.12 
o.oa 
-0.09 
-<).01 
0.11 
~.08 
O.oS 
0.01 
-<).010 
-0.04 
Spilte lenctll 
.r"na ~.n. 
0.03 0.06 
0.0, -0.0] 
0.10 0.011 
-O.oS -O.OS 
O.OT 0.06 
-0.02 0.011 
0.01 0.12 
-0.02 -0.010 
-0.09 0.09 
0.04 0.26 
0.21 0.11 
0.101t -o.oa 
-0.0, 0.06 
0.13 O.lS 
-<).26 -0.00 
0.03 0.11 
0.29 0.34 
-0."5 0.11 
O.uo 0.05 
0.0, -<).0, 
-<).0, 0.01 
-<).OT -<).26 
~.l' -<) .10 
0.01 0.01 
0.01 0.01 
-<).11 -<).14 
0.0' -0.03 
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Orovtll babh 
.r"". 
-<).02 
0.06 
0.01 
-o.oa 
0.11 
0.1.1 
0.31 
0.16 
0.11 
-<).11 
-<). ,a 
-0.06 
o.n 
O.;j() 
0.10 ] 
O.n 
0.09 
0.30 
0 .... 
0.11 
0.11 
0.16 
0.0' 
0.010 
0.~1 
-<) .09 
~.'" 
~."" 
-<).16 
0.1l1I 
0.0' 
0.011 
0.11 
0.10 
O. )a 
0..J2 
0 •• 6 
-<).21 
-<) •• U 
-<).0' 
0.,6 
O.~~ 
0.':1 
O.~? 
0.,)1 
O. " 
" I 
C 
o.HI 0.0' 
0.~6 
0.19 
O.l~ 
0.26 
0.01 
0.0' 
0.110 
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teat'::~" teat'rlcl.tIl Leat'l,qtII. 
rn:I.D JWIAI .1,,,,. SiI1lt Jun. s ... " 
· 
., 
... • 
., 
LeU' 
· · 10. 
· 
0 
0 0 0 0 
· 
0 0 
· · 
• · Leat' 
· -
.. .. 
rlcl'tll 
· · 
0 
0 
· 
0 
· · 
0 
· 
H H H 
-
• 
Leat' · 
M 
1.eaatIa · 0 
0 
0 
· 
H 
H 
IDtlo. 
., 
.H 
110. 0 0 0 
0 0 
0 
, 
H 
SCIIP' .. .H 
... 
LeDCtll 0 0 0 0 
0 0 
., M 
, 
., 
SpiP 0 0 
LeDCtll 0 0 0 
0 0 
, H 
, 
• 
ozoawtII 0 
lWIbit 0 0 
II 
MeM .. IUlipt 
•• 
.1 I 
at 0 
",,"ariOD 0 0 0 0 
0 
.. • 
vari-' 
.. 
iA h.ipt ... .-
at 0 0 0 0 
.... ptatiOD 0 0 
0 0 0 0 
Tabl. 15 b) CorrelatiOD '.c_' ot abaft table ( ... 
FIJlL1) Leat 10 Ltat'rl4t1l Ltat'leqtll. 
Ltat 10 1 ·2 2 
Ltat' width 2 ·2 ·3 
Leat 1.lDcth 1. 3 8 
tAtlo 10 , 3 ., 
ScapI 1.DCtIl -6 11 
, 
Sp~ lellat!l ·11 11 1. 
QroVth lWIbi t 1. 1 
H.ipt ftP· 6 -3 
, 
VariMC' velll· l 3 lI.ip' 10 
~:;o. ::.:., ~= 1,qtII. Sp1U leACtll a..-tII IlUh s.':;~ JUM a.ot .1;";. i.M 
0 
0 
0 0 0 0 0 
• 
• 
0 0 
0 0 0 
-: ... 
.H .... • H 
• 
-0 0 0 
0 0 0 0 
0 
.H 
.M • 
0 0 
0 0 0 0 0 
0 0 0 0 
... ... 
... ., • 
... ... 
0 0 
0 0 0 0 
0 0 
• 
, 
• H 
H H 
0 0 
0 0 0 
0 0 
... 
-.. 
0 0 0 0 0 
0 
0 0 0 
... . .. 
•• 
0 0 
0 0 0 0 
0 
.... .It ., 
0 0 
0 0 0 0 
0 0 
'aotw 011 .tatbtia&l. _tIlodll') 
S'rAIftWU) carm'rIClII!I 
tutlo. 10. Scapt leactA Sp1U luctll Orartb bUi' 
1. a 1. 1 
a 1. It 
-6 1. 1. 11 
1. ., , -, 
., 1 18 
1. 1. , 9 
1. 3 1. U 
-6 1 1 , 
·1 -2 2 
... 
.o..r.-
"0111_. 1 
"0111 __ a 
-o..r.-
.. 0/1_.1 
~/IO\II' • 
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AFFErmIX 1 Table 16. Flowering time data (collated for diUerent pnenotV"'e .. claaaU1td by 
l!:1"owth habit 
Prostrate habit Intermediate habit Erect hab1i 
Flowering etage Flowering etage nowerilll eta", 
Date 1 2 3 4 5 6 MeaD 1 2 3 '+ , 6 Heg 1 2 , 4 , 6 H.aD 
4.5.70 20 2 0 0 0 0 1.09 , 79 3 3 0 0 2.04 4 
" 
7 1 0 0 2.11 
11.5.70 2' 66 3 0 0 0 1.,8 64 49 21 0 0 0 1.68 14 21 17 0 0 0 2.06 
18.5.70 31 8 5 1 0 0 1.47 ,1 
" 
42 7 8 0 2.18 6 16 21 , 6 0 2.-" 
25.5.70 17 8 1, 1 5 0 2.33 20 4, 41 1, Z9 8 ,.08 , 9 21 16 12 , ,." 
1.6.70 '21 0 7 2 , 9 2.93 17 10 
" 
14 
" 
4, 4.14 22 1 9 8 23 10 1t.4, 
8.6.70 6 0 3 0 4 18 4.61 , , 2 2 28 90 '.31 2 1 1 0 12 ,6 ,.Itli 
8.5.70 12 1 0 0 0 0 1.08 89 1, 1 0 0 0 1.,6 1'2 48 0 0 0 0 1.21 
15.5.70 6 10 1 0 0 0 1.71 107 74 10 0 0 0 1.49 1'7 1,8 20 0 0 0 1.'9 
22.5.70 10 15 6 0 0 0 1.87 98 140 72 4 0 0 1.94 14, 24, 1,8 , 1 0 1l.02 
29.5.70 11 17 18 6 0 0 2.31 124 ,81 194 4, 11 0 2." 1,8 ,10 292 82 ,1 0 2.4, 
5.6.70 16 30 30 10 10 0 2.67 169 251 ,22 11, 96 8 2073 219 ,86 41, 180 196 12 2.3, 
19.6.70 17 39 62 28 38 17 ,.41 159 '9' 494 238 479 m ,.64 207 ,~ 706 '27 m 476 ,.74 
8.5.70 6 7 1 0 2 , 2.56 35 
" 
36 7 
" 
1, ,.06 ,1 86 4, 12 93 2' ,.~ 
15.5.70 4 10 1 , 2 , 2.91 58 60 2' 21 ,1 40 ,.26 6, 81 ,0 ,6 98 64 ,." 
22.5.70 4 8 7 5 
" 
9 ,.86 65 89 66 2' 90 89 '.59 84 80 71 46 1,6 '4, ,.?, 
29.5.70 6 8 2 2 ,6 15 4.12 76 ?5 78 48 61 182 '.95 59 98 6, 4, 116 29' 4.'9 
5.6.70 4 8 7 2 7 25 4.42 54 76 67 42 98 235 4." '2 76 89 ~6 87 ,69 4.a, 
12.6.70 7 8 5 2 6 36 4.56 6, 104 61 27 104 341 4.47 84 104 6, 42 1', 4,4 4.,S 
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Table 17. Correlation of spike length and seed number 
Spike length Number of seeds 
(mm) 
4 
° 
5 3, 6, 6, 0, 2, 2, 2, 2, 3, 0, 0, 0, 6, 7, 6 
6 0, 3, 5 
7 1, 0, 5, 2, 9, 6, 0, 5, 5, 10, 8, 8, 10, 
8, 8, 10, 10 
8 7, 7, 0, 12, 7, 4, 13, 10, 9, 12, 15, 4, 
9 8, 11, 12, 20, 5,10,12,9,10,11,12 
10 12, 13, 17, 6, 11, 10, 25, 13, 14, 6, 6, 
20, 21, 24, 13, 8, 9 
11 6, 3, 9 
12 12, 11, 17, 15 
13 24, 21, 15 
15 15, 19, 20, 31, 37, 22, 17, 17 
17 41, 17 
21 42 
Regression: a· 2.06 ! 0.15 
b = -8.122 
Correlation coefficient = 0.80, P < 0.01 
6, 9, 8 
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Table 18. Survivorship at Lundin Links 
a) Control strip 
(each of 3 months) Plants already stage of duration established or 
1 2 3 4 5 6 7 8 9 10 arriving in:-
194 164 149 115 106 99 98 96 94 80 June 1969 
180 162 127 118 110 109 106 103 90 September 1969 
196 149 136 125 123 120 117 101 December 1969 
183 163 147 145 140 135 112 :.lurch 1970 
197 177 175 169 164 140 June 1970 
207 202 195 190 159 September 1970 
b) Control strip - Survivorship of new arrivals 
Stage of duration (each of 3 months) Plants arriving 
2 3 4 5 6 7 8 9 10 in:-
30 26 17 16 13 13 11 10 9 September 1969 
15 10 7 6 6 6 6 5 December 1969 
41 34 30 30 28 26 19 March 1970 
31 29 29 28 28 27 June 1970 
29 28 25 25 18 September 1970 
c) Experimental strip - Survivorship of new arrivals 
stage of duration (each of 3 months) Plants arriving 
2 3 4 5 6 7 8 9 10 in:-
54 52 51 43 40 40 40 38 36 September 1969 
64 61 51 48 48 48 45 42 December 1969 
69 58 54 54 54 51 46 Narch 1970 
69 64 61 61 58 52 June 1970 
90 87 82 76 66 September 1970 
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Drosophila melanogaster data 
Food medium 
The medium desoribed by Mittler & Bennett (1962) was used 
beoause it is easy to prepare, easy to dispense and is more 
homogeneous than many other media. Nipagin was used instead of 
propionio aoid as a fungioide. The reoipe is as follows. 
1000ml distilled water 
54g suorose 
32g dried aotive baking yeast (Allinson Ltd., 210/214 
Cambridge Heath Rd., London E.2) 
199 agar (David Gelatine Ltd., Warwiok) 
26ml nipagin solution - 109 nipagin in 100ml 96~ ethanol. 
The water was heated to boiling point and then all the 
ingredients exoept the nipagin were added. The mixture was 
simmered for 20 min. with oooasional stirring until the level 
evaporated down to a fixed graduation mark. This was to ensure 
212. 
standardisation of the moisture oontent of the medium. It was then 
o 
removed from the heat and allowed to 0001 to 60 C when the 
nipagin was added. The medium was then maintained at approximately 
600 C until dispensing. 12 hours before the flies were introduoed, 
the medium was seeded with live yeast suspension (5g in 100ml 
distilled water). 
The flies 
Drosophila melanogaster (stock CB1) were obtained from 
the University College of North Wales, Bangor. This stock was 
descended from one inseminated female caught near Bangor in 1965 
and subsequently reared in bottles in the laboratory on the 
medium described on p 212. Because of the relatively short history 
of laboratory culture, it was hoped that this stock would be 
genetically very variable. Counts of sternopleural ohaeta numbers 
by Antonovics (pers. comm.) showed this charaoter to have a 
significant heritability. In order to minimise any loss of 
variability due to inbreeding, FI progeny from orosses between 
flies from each of the two stook bottles kept in the laboratory 
were used to set up the experiments. 
At 250 C in an anbydric incubator, the life cycle was as 
followss 
Eggs laid 
Pupation - day 6 after eggs laid 
First emergence - day 10 after eggs laid 
Peak emergence - day 18 after eggs laid. 
All experimental stocks were kept at 25°C and arranged in 
random order within the incubator. 
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Anaesthetic 
Ether, administered in an etheriser, was used as the 
anaesthetic for the flies. Sinoe ether is known to adversely 
affeot egg-laying (Thoday, pars. oomm.), the possibility of the 
use of oarbon dioxide (CO2 ) was investigated. CO2 was found to 
be impracticable, however, as the flies remained inert only as 
long as the CO2 diffused around them. The quiok recovery of the 
flies was a problem in the main experiment when CO2 could not 
be supplied to the flies being weighed and, for this reason, it 
was not used. 
214. 
APPENDIX 2 215. 
Table 1. Results of experiment to investigate toxicity of 
peppermint to D. melanogaster. 
Conc n No. offspring day 23 
ppt. Replicates Total Mean s.e. (%) 
(%) 1 2 3 4 5 emergence 
0.00 138 161 157 167 161 784 156.8 5.4 100.0 
0.03 161 138 166 158 148 771 153.9 5.0 98.3 
0.04 114 170 175 165 171 793 158.6 11.4 101.1 
0.05 162 181 155 142 152 792 158.4 6.5 101.0 
0.07 186 125 165 190 155 821 164.2 11.8 104.7 
0.10 187 124 165 163 139 778 155.5 11.0 99.2 
0.30 37 169 130 174 141 651 130.2 24.7 83.0 
0.50 88 130 135 124 44 521 104.2 17.2 66.5 
0.70 60 108 55 44 101 368 73.6 12.9 46.9 
0.90 22 52 66 16 8 164 32.8 11.1 20.9 
1.00 0 0 0 0 0 0 0.0 0.0 0.0 
Correlation of number of offspring on day 23 with peppermint 
concentration: 
r = -0.977 (significant at 0.001% level) 
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~. ::ortlllitz of ' ~ent" on d"" 6 .. 
::0. j ead / 6 adults ( 4~f ?, 2d"'cr) 
f1I t . ::!el'licstes dead a:ales dead r.a:ales Ave / ~ weighted 
!:or.c :l · (~ ) 1 2 3 4 5 ~ota.J. rtal. s . e . mortality total ave " , J totlll ave av. " , j 
.CO 0 0 0 3 7 1. 4 :: 0 . 9 23 3 0 . 6 30 4 o.B 0. 4 ;:0 
c. 3 0 2 1 2 2 7 1. 4 :: 0 . 4 23 3 0 . 6 30 4 0 .8 0 . 4 20 
0 .04 2 0 2 0 0 I It 0.8 :: 0 .5 13 3 0 . 6 30 1 0 . 2 0 . 1 5 
0 . 05 0 0 0 0 0 0 0 . 0 :: 0 . 0 0 0 0.0 0 0 0 .0 0 . 0 0 
0 . 07 0 0 0 0 0 0 O. Q :t 0 .0 0 0 0 .0 0 0 0 . 0 0 .0 0 
\) . 10 2 2 2 1 10 2. 0 ! 0 . 3 
-
33 5 1 .0 50 5 1.0 0 . 5 25 
• 3 2 3 3 3 11 2 . 2 :: 0 . 6 37 7 1. 4 70 4 0 . 03 0 •• ZO 
: . 5J 
-
0 3 3 :5 13 2. 6 :!: 0 .3 43 7 1. 4 70 6 1.2 0 .7 35 
0 .7 2 2 5 6 4 19 3 .8 :: 0 .3 63 9 1.8 90 10 2.0 1.0 50 
:) . 10 I 
:. 3 5 6 22 4. 4 ! 0 .5 73 10 2 .0 100 12 2. 1. 2 60 
.:0 6 
" " 
6 6 30 6. 0 :t 0 .0 100 10 2. 0 100 20 4.0 2 .0 100 
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Table 3. Survival of different stages of D, melanogaster on peppermint 
t.-PepPn• 
Productivity % survival of 20 transferred individuals 
oono Eggs laid by 7,:£8I1I81e81 Egg to pupa Larva to pupa Pupa to adult ('to 
essenoe) Rep nos. ave. s.e. ave % % ave s.e. % ave s ••• % ave •••• 
1 202 
196.3 ! 7.1 
40 
56 !17.5 
90 
98 ! 2.5 
95 
2 189 100 90 100 100 + 0 99 - 1.3 
3 181 80 100 100 
4 213 15 100 100 
1 97 55 83 ! 9.7 
100 100 
+ 61 100 ! 0 100 ! 0 0.3 2 120.3 -21.4 100 100 100 
3 163 85 100 100 
4 101 90 100 100 
1 58 50 100 100 
0.5 2 29 69.5 !16.4 35 90 80 !1O.8 100 98 ! 2.5 95 98 ! 1.4 
3 103 80 100 100 
4 88 100 90 95 
1 149 
120.3 !10.4 
75 + 95 98 ! 1.4 
90 
0.7 2 ll2 61 60 80 - 8.4 100 100 98 ! 2.5 
3 120 100 95 100 
4 100 85 100 100 
1 80 80 + 100 + 85 79 ! 2.4 100 100 + 0.9 2 ll5 42.5 -27.4 22 95 - 5.0 99 - 1.3 
3 75 100 95 
4 55 75 100 100 
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~. Re!ponse of families to pe~~ermint 
a) Yield er-resaed u number of elller ... l:1t pro6!!!j' 
Pepp.rmint concentration 
o.~ .ee.nc. o.&.: .ee.nc. o.c]?< .... nc. 
Family no. progeny av. • ••• no. progeny av. • ••• no. progeay 
1 142, 60, ~ 76.3 t: 34.0 94, 30, 28 50.7 t: 22.0 35, 59 
. 2 108. 37 72.5 t 36.0 34, It, 34 24.0 :to 10.0 13, 3 
3 111, 141, 127, 159.3 t 1.9 82, 106, 101, 105.' t 17.9 12, '2, 64, 1t3, 
176, 175, 160 38, 1'1. 1" 75,95 
4 172, 1'9, 1~ 152.7 t 13.4 57, 96, 122 91.7 t 18.9 22, ,6 
, 72. 161, 109. 117.8 t 18.6 30, 155. 109, 89.3 t 27.3 ,8, '2. 98 
129 6, 
6 118, 3 60.5 t 57.5 21t, 24 24.0 t 0.0 62, 29 
7 189, 175, 163, 172.5 ! 6.2 112, 104, 123, 107.8 t 6.5 81, 82, 6, 
163 92 
Ana1yeis of variance - trom table 4. data 
Sourc. or ~ianc. c1F Sum Sq. 
Familiee 6 63876.02 
Conc.ntratione 2 52329.01 
!'aIa1l: x conc.ntration 12} 29185.04 
~ith1l1 ~aeil1e. 49 6G582.92 
~tal. 69 205972.99 
26 
Mean Sua Sq. F r.tio 
10646.00 7.23 ( P <:0.01 
26164.51 18.94 ( P<'0.001) 
2432•09}11t11.6 1.97 (NS) ,~.,8 
b) Yield ~essed as proportion or Yield en 0 pepp.rmint concentration 
Peppermint conc.ntration 
O.$; •• s.nc. I O.~ •••• nc. 
FamilY Propn progeny Ave •••• 1 Propn prosen: Aft •••• 
1 1.23. 0.39, 0.37 0.66 ! 0.20 0.1+6, 0.17 0.62 t 0.19 
2 0.1t7, 0.06, 0.1t7 0.33 t 0.20 0.18, 0.04 0.11 i 0.19 
3 0.51, 0.67, 0.63, 0.66 i 0.14 0.45, 0.33,.0.40, 0.1t2 i 0.09 
0.24, 0.95. 0.97 0.27, 0.47, 0.60 
.. 0.37, 0.63, 0.80 0.60 t 0.20 0.14. 0.37 0.25 t 0.19 
, 0.25, 1.32. 0.93, 0.76 t 0.18 0.1t9, 0.4'+, 0.83 0.59 t 0.13 
0.53 
6 0.40, 0.38 0.39 t 0.30 1.03, 0.48 0.75 i 0.19 
1 0.65, 0.60, 0.71, 0.62 t: 0.18 0.47, 0.48, 0.37, 0.37 t 0.11 
0.53 0.15 
Analysis of vari~nce - trom table 4b data 
Sourc. or variation P.ppermint F ratio 
conc.ntration 
B.twe.n ramilies O.~ •••• nc. 0.770 (NS) 
n " O.~'; essence 9.55 (P< 0.01) 
. v. • ••• 
1t7.0 t 12.0 
8.0 t 5.0 
66.8 i 7.5 
'9.0 t 17.0 
69.' * 14.4 
4,., * 16., 
1 63 •0 * 13.1 
I 
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Containers 
For the main experiments, 250ml Pyrex glass beakers were 
used for the population oages. To keep fungal infeotion to a 
minimum, eaoh beaker was sterilised by autoolaving at a pressure 
of 15lb per sq in for 20min before use. An expanded polystyrene 
diso, oontaining 20 holes bored by a red hot wire and swabbed 
with aloohol was pushed into the beaker (fig. 24, P 121). 20 
autoo1aved glass tubes (35 x amm) were inserted into the holes 
and food medium at 60°C was dispensed into the tubes with a 
pipette. The food in eaoh beaker totalled 13.2ml. Eaoh tube of 
food was then seeded with 1 drop of live yeast suspension 
(5g in 100ml distilled water). The beaker, stoppered with a 
sterile cotton wool bung, was allowed to stand overnight to 
allow any oondensation to evaporate. The anaesthetised flies 
were then introduoed and the beaker was oovered by olear 
polythene sheeting, perforated to allow aeration. 
219. 
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Randomised heterogeneous systems 
l5 N : 5 P or 5 N : 15 P tubes 
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000. 
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000 .. 
0 0 • 000 
0.00 
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o A 000· 
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0 00000 0000 
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0000 
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0000 
A 
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•• 00 
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T3b1e 5. Fe~oe~int exoeriment - zie1d over 18 senera tions exore •• ed as number ot .m.r~.nt f1i •• • 
GellOration 
:'re .. t",ent ;le]> 2 3 4 5 6 7 8 9 10 11 12 13 1, 16 7 
A 101 246 187 270 275 177 198 268 309 2'7 328 28, 378 323 301 204 179 239 
11 control 3 109 274 188 286 259 218 244 276 272 211 239 292 339 3,0 276 244 2'3 2 2 
C 201 215 " 129 542 304 202 192 " 268 279 211 307 282 371 364 294 238 293 298 
","I. . '37 2~5 168 366 279 199 211 271 286 213 291 285 362 346 288 229 241 266 
s •• • : 32 : 17 : 20 : aa t 13 ! 12 !,6 : 3 : " : 2 t 27 ~ 3 ~ 12 ! 12 : 7 :: 12 :: 33 ~ 7 
56 170 254 286 294 242 242 295 259 ' 93 298 ~03 3G9 !07 24 29' 
)! control 3 124 Z21 258 290 358 248 245 251 258 199 262 306 332 3 3 2,4 260 29 
128 191 ,035 2~6 284 240 254 280 272 268 327 241 252 
:\ova . '03 280 246 275 220 296 297 '}2 2S 1 '1 26 
5. e . t 23 t 15 : 24 : 7 ~ 24 : 2 : 4 %" t 5 :: 24 : 19 : 21 : 24 : 8 : , t 19 t 30 t 8 
;. 69 212 I 228 219 2·SO 17S 194 265 281 193 235 237 340 28, 162 131 264 210 
p cont r ol 3 91 157 155 2!5 233 28 1;8 257 261 143 232 2 3 306 226 124 110 29 
it ;opul c . 
c j4 254 165 281 264 216 164 270 268 227 290 293 334 267 Z02 ;:02 ~3, 177 
.;ve . 84 2C7 182 242 259 '74 172 264 270 1Sa 252 254 326 270 169 147 278 9' 
5 . !! . t 8 : 26 ! 23 ! 13 : 14 t 25 :: 11 t 4 ! 6 t 24 ! 19 :: 19 : 10 : 19 ! 23 ! 28 : t 0 
47 9 2"3 
s 101 203 199 293 
225 215 
s... ! 2 t 23 : 10 : 6 
222 
204 
378 
193 
170 
318 
265 
293 
352 
284 
292 
327 
192 
264 
395 
286 
266 
282 
278 
282 
2~2 211 
271 
2C2 247 292 310 267 }15 297 }31 Ze7 254 2~ 1 
221 
259 
169 
187 
302 
210 
! 12 : c6 ! 15 : 21 : 40 : 41 : 24 t 15 t 7 ! 12 : l' t 26 : ~, 
2 22 . 
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~able 6. ?e"perm1nt eXtlerilneat - aver sse W8i5ht ~er ny over 18 seneratioM of "election 
Generation 
:'!"eatltent ;iep 3 5 6 7 8 9 10 11 1} ,4 
" 
16 17 18 
:: coatrol 
:1 control 
? control 
;: ::opul:l · 
B .723 .790 .745 .702 .754 . 779 .757 .n4 .741 .720 .846 .761 .n, .040 .302 
.love . . 714 .684 .743 . 767 .757 .803 .788 . 745 . 758 . 719 .8)7 .774 .710 .84' .7~ 
5 .. a . =.009 :.153 :.003 :.059 : .003 : .021 : .031 : .010 : .014 :.011 1.022 : .0) 2 : .02} t .OOS : .011 
A .866 .315 .752 .326 .614 .790 .326 . 798 .812 .830 ' .73, .539 .722 .746 • 1 
3 . 3~5 .828 .757 .788 .785 .348 . 868 .319 .794 .OS1 .835 .732 .77) .766 .846 
; .934 .763 .757 .724 .750 . 796 .830 . 787 .344 . 7S0 .831 . 7~ .7n . 774 .3" 
.~ve •• 393 .304 .755 .7S0 . 717 .810 .041 . 799 .319 .824 .819 .768 .756 . 762 .882 
".e. %. 075 %.034 : .003 :.052 : .091 :.026 :.023 : . 016 : .025 : .053 : .029 : .061 =.029 :.01 4 t .O, 
3 
.363 .377 .504 .831 .794 .338 . 811 .365 .864 .a12 .839 .846 .761 .790 .9' 3 
.371 .749 .324 .844 .785 .798 .835 .339 .815 .801 .851 .793 .709 .7" • 62 
: .336 .065 .022 . 782 .799 .304 . 325 .337 .1303 . 778 .857 .787 .795 
:'ve . .362 . ~30 .317 .817 . 793 .313 .S2} . 847 .327 . 798 .Z43 . ~11 .755 
s . .. . =.:19 t .e71 =.01 %.0;2 t .007 : .022 t.012 : .016 t .0}2 : .017 t .010 t .0;1 =.04} t .019 : .0,6 
a . S4l< 
.339 
. 765 
.~ve .. • 62 .525 
'" " ... " 
" " 
"'" U 
" 
" 
.761 
.395 
. 6a1 
.il 11 
.375 
.717 
.007 .731 .026 
.849 .548 .577 
. 781 1. 260 1. 108 
. 0 .nB . ;71 
.i55 
.853 . 73 1.020 .se7 
. 776 . 719 .801 .810 .846 .837 .805 .833 .767 .335 .7'11 .S75 
: . 107 =.122 =.080 t.034 : .370 : .266 : .C49 t .078 :.059 : . 12S :.063 : .06, 
~e::er.tion 12: Aver age ·,eiSbt )ler fly not oeasured 
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':'able 7 . ?e~~e~nt exnericent - vield over 18 ~ner~tion3 ot selection e~re55ed Q~ biom3sa ( x 10- ;cr ) . 
':'reatcent )ep _ :; 4 5 6 
:; control 
:: cont!"ol 
? cont:-ol 
132 
c 92 
;.ve . 120 
s . e . ! 14 
218 
204 
276 
2:;6 
! 21 
233 
240 
204 
193 
225 
207 
! 9 
221 
271 
-; 182 203 215 
s . e . : 12 : 11 : 18 
.~ 1<;8 182 225 
3 135 176 192 
139 
153 
165 
153 
:!: 8 
200 
193 
184 
192 
: 5 
148 
108 
c 1;8 243 217 169 
;'ve . 1:;7 ;:01 ~1 1 142 
s . e . = 2' : 21 ! 10 = 18 
;. 
3 
c 
142 169 
162 
139 
7 
150 
184 
146 
8 
219 
215 
218 
160 .. 218 
:: 12 
181 
197 
21 0 
:: s 
154 
124 
131 
: 9 
220 
146 
139 
:t 1 
211 
223 
223 
:: 7 
217 
215 
t 5 
258 
232 
210 
::e::er "tion 
9 
253 
206 
220 
22S 
:: 14 
21 4 
224 
10 
155 
159 
159 
:!: 2 
11 
250 
177 
235 
221 
± 22 
242 
203 
268 
244 
271 
272 
266 
14 
296 
296 
289 
:: 7 
241 
279 
226 211 276 195 275 
221 176 242 245 265 
:: 4 ! 18 ! 20 : 25 ! 12 
228 167 203 276 239 
218 120 245 
15 
244 
210 
221 
22:5 
:t 10 
186 
16 
179 
167 
162 
t 11 
2 2 
201 
185 176 
193 196 
t 8 :t'1 
99 76 
17 
6270 
287 
221 190 233 260 246 159 16} 2 
222. 159 209 
! 3 t 21 t 13 
284 
241 
228 
239 
155 
242 
218 
228 
260 226 1}7 1'2 240 
:t 9 :t 16 ! 19 t 26 t 11 
246 
268 
285 
234 
229 
258 zoo 
224. 
18 
ZZ9 
248 
l: , 
1~ 
177 
t 5 
:!10 
.~ve . 152 
! a 
157 168 233 251 212 254 266 241 195 m 2.'29 ~27 
~ . e . : 5 :: 9 ! 26 :: 14 t 17 : 29 :: 31 :: 11 :: 9 ! 14 :: ~6 : Z} : ~ 
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Table 8. 'lest 1 - Number of emergent flies on a range 
of peppermint concentrations. 
Peppermint concn• (% essence) 
Treatment Rep 0 0.125 0.250 0.375 0.500 
A 156 167 183 77 67 
N control B 169 172 220 101 137 
C 160 275 248 212 191 
Ave. 161.7 204.7 217.0 130.0 131.7 
! 3.8 + ± 18.8 t 41.6 ± 35.9 s.e. - 35.2 
A 183 340 240 220 174 
M control B 210 284 253 183 207 
c 118 133 135 192 90 
Ave. 170.3 252.3 209.3 198.3 157.0 
s.e. ! 27.3 ± 61.8 : 37.4 :11.1 ! 34.8 
A 181 261 259 272 257 
P control B 108 185 114 120 69 
C 169 184 197 175 93 
Ave. 152.7 210.0 190.0 189.0 139.7 
s.e. '! 22.6 ± 25.5 ! 42.0 ± 44.4 t 59.1 
A 226 297 253 266 228 
H pop uln. B 203 166 179 123 89 
c 228 268 282 257 276 
Ave. 219.0 243.7 238.0 215.3 197.7 
s.e. t 8.0 ± 39.7 ± 30.7 t 46.2 t 56.1 
APPENDIX 2 
Table 9. 
Treatment 
N control 
1-1 control 
P control 
Number of emergent flies on a range of peppermint 
concentrations after 1 generation of lapsed 
selection on normal medium. 
Peppermint n cone • (% essence) 
Rep 0 0.250 0.500 
A 326 341 189 
B 326 269 158 
c 305 193 108 
Ave. 319.0 267.7 151.7 
s.e. t 7.0 ± 42.7 :t 23.6 
A 225 235 179 
B 210 169 113 
c 264 229 98 
Ave. 233.0 211.0 130.0 
s.e. t 16.1 ± 21.1 ± 24.9 
A 296 266 131 
B 196 147 47 
C 298 208 112 
Ave. 263.3 207.0 96.7 
s.e. :t 33.7 ± 34.4 :t 25.4 
A 347 287 59 
H population B 288 236 184 
c 301 258 58 
Ave. 312.0 260.3 100.3 
s.e. :t 17.9 ± 14.8 ± 41.8 
226. 
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Table 10. Test 4 on a range of peppermint concentrations 
after 15 generations of selection. 
a) Number of emergent flies 
Peppermint concn• (% essence) 
Treatment Rep 0 0.12.5 0.250 0.375 0.500 
A 296 370 197 164 287 
N control B 304 236 233 197 71 
c 310 373 236 32.5 195 
Ave. 303 326 222 229 184 
:!: 4.1 t 45.2 + ! 49.1 : 62.6 s.e. - 12.5 
A 313 264 291 486 216 
M control B 339 317 310 338 251 
c 280 254 355 251 228 
Ave. 311 278 319 358 232 
s.e. ! 17.1 ! 19.5 + - 19.0 t 68.6 + - 10.3 
A 394 239 331 268 228 
P control B 353 334 219 258 169 
c 477 373 433 249 168 
Ave. 408 315 328 258 188 
s.e. t 36.5 ± 39.8 t 61.8 ± 5.5 : 19.8 
A 379 304 293 234 166 
H pop uln• B 326 325 295 316 193 
c 339 290 208 261 258 
Ave. 348 306 265 270 206 
s.e. t 15.9 ± 10.2 t 28.7 :!: 24.1 t 27.3 
228. 
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Table 10. Test 4 on a ranse of EeEEermint concentrations 
after 1, generations of selection. 
b) Biomass (g) 
Peppermint conc n. (% essence) 
Treatment Rep 0 0.125 0.250 0.375 0.500 
A .180 .219 .133 .123 .216 
N control B .208 .230 .206 .155 .063 
c .216 .298 .188 .269 .182 
Ave. .201 .249 .176 .182 .154 
s.e. ± .010 ± .025 ± .022 ± .044 + .01+6 
A .214 .209 .235 .386 .193 
H control B .220 .262 .246 .254 .227 
C .179 .209 .257 .207 .200 
Ave. .204 .227 .246 .282 .207 
s.e. ! .013 ± .018 ± .006 ± .054 ± .010 
A .282 .185 .249 .220 .204 
P control B .182 .261 .165 .202 .138 
C .306 .304 .294 .220 .156 
Ave. .257 .250 .236 .214 .166 
s.e. + .038 + .035 + .038 + .006 ± .020 
- - - -
A .257 .211 .220 .219 .153 
H population B .223 .283 .245 .276 .191 
c .225 .237 .167 .222 .208 
Ave. .235 
.244 • .211 .239 .184 
s.e. + .011 + .021 + .023 + .019 ± .016 
-
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Table 11. Test ,2 on a ranse of :Ee:E12ermint con~entrations 
after 15 senerations of selection and 1 seneration 
of lapsed selection on normal medium. 
a) Number of emergent flies 
Peppermint concn• (% essence) 
Treatment Rep 0 0.125 0.250 0.375 0.500 
A 383 349 345 138 231 
N control B 314 275 187 271 253 
C 405 433 320 312 206 
Ave. 367.3 352.3 284.0 240.3 230.0 
s.e. t 27 ± 46 ± 49 :!: 53 ! 14 
A 357 347 282 + 230 
M control B 405 429 336 283 217 
C 217 + 228 + 255 
Ave. 326.3 388.0 282.0 283.0 234.0 
s.e. t 56 t 41 ± 31 ± 0 t 11 
A 367 412 386 245 242 
P control B 269 398 249 183 88 
C 335 307 268 251 105 
Ave. 323.7 372.3 301.0 226.3 145.0 
s.e. ± 29 ± 33 ! 43 :t: 22 ± 49 
A 392 356 334 311 143 
H population B 373 + 321 + 173 
c 345 359 300 356 187 
Ave. 370.0 357.5 318.3 333.5 167.7 
s.e. :!: 14 ! 2 :!: 10 :!: 23 ± 13 
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Table 11. Test 2 on a ran~e of EeEEermint concentrations 
after 12 senerations of selection and 1 5eneration 
of lapsed selection on normal medium. 
b) Biomass (g) 
Peppermint concn • (% essence) 
Treatment Rep .0 0.125 0.250 0.375 0.500 
A .250 .282 .242 .124 .167 
N control B .249 .235 .139 .224 .180 
C .259 .326 .220 .235 .157 
Ave. .253 .28'1 .200 .194 .168 
S.e. ±.003 + .026 + .031 + .035 + .007 
- - -
A .232 .3°8 .199 + .171 
H control B .258 .330 .242 .223 .164 
C .151 + .156 + .185 
Ave. .214 .319 .199 .223 ,173 
s.e. t .032 + .011 t .025 ! 0 ± .066 
A .261 .307 .272 .198 .170 
P control B .187 .307 .198 .158 .078 
c .233 .205 .228 .231 .100 
Ave. .277 .273 .232 .196 .116 
s.e. + .022 + .034 + .021 + .021 + .028 
- - - -
A .240 .266 .229 .256 .114 
H population B .260 + .238 + .149 
C .240 .244 .220 .278 .162 
Ave. .247 .255 .229 .267 .142 
+ 
.007 ± .011 + .052 ± .011 ± .014 s.e. 
-
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Table 12. Test 3 - yield (number of emergent flies) on different 
heterogeneity levels. 
lieterogeneity level· \lithin 10N: 10P 
2ON:OP 15N:5P 5N: 15P ON:20P 10N:10P yield on Treatment Rep N P 
A 333 208 331 214 339 159 181 
N control B 333 237 331 218 374 197 177 
C 347 337 423 238 420 218 202 
Ave. 337.7 260.7 363.3 223.3 377.7 191.3 136.7 
s.e. t 4.7 t 39.1 t 32.3 t 7.4 t 23.5 t 17.3 t 7.8 
A 3'16 315 409 246 465 254 211 
M control B 280 328 383 310 381 214 167 
C 220 244 325 167 428 258 170 
Ave. 272.0 295.7 372.3 241.0 424.7 242.0 132.7 
s.e. t 28.0 ± 26.1 ± 24.8 ± 41.4 t 24.3 ! 14.0 t 14.2 
A 310 281 317 268 380 220 160 
P control B 278 249 273 210 374 215 159 
c 306 248 306 209 433 267 166 
Ave. 298.0 259.3 298.7 229.0 395.7 234.0 161.7 
s.e. '! 10.1 ± 10.8 ± 13.2 ± 19.5 ± 18.7 ± 16.6 t 2.2 
A 294 327 490 250 41+8 271 177 
H popul n. B 329 268 285 235 393 246 147 
C 250 243 252 181 411 213 198 
Ave. 291.0 279.3 342.3 222.0 417.3 243.3 174.0 
s.e. ! 22.9 ± 24.9 t 74.4 t 21.0 ± 16.2 ± 16.8 ± 14.8 
Heterogeneity level· - Number of tube~20 filled with nor~~l(N) 
or peppermint (p) food. 
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Table 12c. Number of emer5ent flies - calculations for ratio 
diagrams. 
Ratio PIN 
Treatment Rep 0.33 1.00 3.00 
A 0.266 0.846 1.624 
N control B 0.208 0.641 2.101 
C 0.187 0.677 1.862 
A 0.172 1.106 1.754 
M control B 0.149 0.410 2.506 
C 0.296 0.852 1.773 
A 0.368 0.920 1.738 
P control B 0.152 0.813 1.880 
c 0.759 1.518 2.239 
A 0.503 0.725 2.216 
H population B 0.337 0.974 1.444 
c 0.213 1.295 1.355 
Table 12d. Biomass - calculations for ratio diagrams 
Ratio PIN 
Treatment Rep 0.33 1.00 3.00 
A 0.348 0.833 2.025 
N control B 0.245 0.798 2.284 
C 0.254 0.573 2.247 
A 0.210 1.170 2.770 
N control B 0.197 0.431 2.939 
C 0.383 0.658 2.137 
A 0.345 0.757 1.972 
P control B 0.635 2.302 
c 0.778 1.266 2.556 
A 0.487 0.711 3.514 
H population B 0.367 0.822 2.256 
C 0.170 0.852 1.911 
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':3.1>10 14 . ':'erl 7 - 7ield en different }'eteror,eneit" levels after 16 ,." ner atior.s ol ~ laction and 1 rtneMltion 
of ~~~ed sel ection on nor~al medium . 
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Table 14c. Number of emer~ent flies - calculations for 
ratio diagrams 
Ratio pIN 
Treatment Rep 0.33 1.00 3.00 
A 0.425 0.870 1.542 
N control B 0.359 0.682 3.663 
C 0.656 0.846 0.957 
A 0.493 0.920 1.806 
H control B 0.490 0.653 1.567 
c 0.382 0.764 5.917 
A 0.429 1.048 1.395 
P control B 0.157 0.479 1.079 
C 0.239 0.310 0.855 
A 0.286 1.160 0.908 
H population B 0.215 1.030 0.804 
C 0.511 1.574 1.496 
Table 14d. Biomass - calculations for ratio diagrams 
Ratio PIN 
Treatment Rep 0.33 1.00 3.00 
A 0.323 1.049 2.189 
N control B 0.348 0.827 3.288 
c 0.663 0.947 1.444 
A 0.350 0.988 2.245 
M control B 0.358 0.826 1.650 
c 0.384 0.811 5.044 
A 0.366 1.086 1.887 
P control B 0.140 0.577 1.588 
c 0.271 0.325 1.202 
A 0.275 1.333 1.192 
H population B 0.277 0.994 1.093 
c 0.404 1.060 1.591 
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AnaLysis of tests 6 and 7 
Replacement Series Graphs 
The analysis of De Wit (1960) was used to indicate the 
extent to which the different habitats in the heterogeneous 
environment contributed to the resultant popUlation. The 
following diagrams show some theoretical graphs and their 
interpretations 
No. in pop 
on habitat 
1 No. in popn. 
on habitat 2 
10~~ Frequenoy habitat 1 
O~~ Frequency habitat 2 
Population is adapted to habitat 1 (compared with habitat 2) 
but each habitat contributes proportionately equivalent numbers to 
the resultant population. 
t 
popn. 
size 
-
0% 50% 10o;~ Frequenoy habitat 1 
100% 50/~ 0% Frequenoy habitat 2 
Population is adapted to habitat 1 (oompared with habitat 2) 
but the numbers in both habitats are reduoed in eaoh other's 
presenoe. Therefore negative adaptation to heterogeneous 
situation. 
236. 
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i 
P n. op 
size 
100% Frequenoy habitat 1 
0% Frequenoy habitat 2 
237. 
Population adapted to habitat 1 (oompared with habitat 2) but 
numbers increased in both habitats when both are present -
positive adaptation to heterogeneous situation. 
i 
P n. op 
size 
0% 
100'~ 
100% Frequenoy habitat 1 
~~ Frequency habitat 2 
Population adapted to habitat 1 (compared with habitat 2) 
but overproduction of numbers on minority habitat in heterogeneous 
situation. 
Ratio diagrams 
Replacement Series Graphs may also be plotted as ratio 
diagrams on a log-log scale. The following diagrams show Bome 
theoretical graphs and their interpretationl 
Expeotation if habitats contribute 
proportionately equally to the 
resultant population 
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2) 
/ 
/ 
./ 
/ 
/ 
, 
/ 
/ 
/ ~ _______ llabitat 2 contributes proportionately 
/ greater numbers to the resultant 
// population than habitat 1 - therefore 
/ population adapted to habitat 2. 
/ 
/ 
/ 
/ 
/ 
,~~----------- Population adapted to habitat 1 
/ 
/ 
/ ( 
I 
/ 
Minority habitat contributes 
proportionately greater numbers to 
the resultant population than 
majority habitat. 
~~~/~--------Majority habitat contributes 
/ proportionately greater numbers 
to the resultant population. 
Graphs 1, 2 and 3, show uniformity of response of the 
members of the population to the environment. An individual 
might discriminate between the habitats and show preferenoe for 
one of them, but not necessarily. 
Graphs 4 and 5 indicate that an individual within the 
population distinguishes the 2 habitats and then (1) chooses that 
239. 
habitat to whioh it is adapted or (2) ohooses a habitat depending 
on its relative frequenoy within the environment. If (1) applies, 
then the population would oonsist of divergent strains, each 
adapted to one habitat. If (2) applies, then the population would 
oonsist of flies adapted to both habitats but able to disoriminate 
between them. 
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Table 15. Test 8 - egg production 
treatment 
Rep N M P H Within H populn• 
uln• control control control pop HN HP 
1 265 281 260 225 182 43 
2 335 292 167 295. 258 37 
3 258 367 243 300 255 45 
4 164 332 199 296 227 69 
5 395 260 314 390 350 40 
6 380 185 356 272 84 
Ave. 299.5 306.4 228.0 310.3 265.7 52.5 
s.e. 87.1 43.8 ,54.9 57.0 55-,5 19.5 
